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DISTRICT OF MASSACHUSETTS, to wit i 

|^.«r^AA9 3£ j7 RBMBMBBRBD, that OH the first duf of Aprils in tbe 
S SB AL.S thirQr sixth year of the independence of the United States of 
f/g^r^^^y^ America, William Hillxard, of the said district, has de- 
posited in this office the title of a book, Uie right whereof he claims as 
proprietor, in the words following, to wit ; '' a system of arithmetic, ns 
*' printed from the mathemadcal text book, compiled by the late presi- 
** dent Webber for the use of the University at Cambridge/* 

In conformity to the act 6f the cong^ress of the United States, entitled 
** an act for the encouragement of learning by securing the copies of 
" maps, charts, and books to the authors and proprietors of such copies 
*' dunng the times, therein mentioned ;** and also to an act, entitle 
*' an act for the encouragement of learning by securing the copies ai 
** maps, charts, and books to the authors and proprietors of such cofMes 
" during the times, therein mentioned ; and extending the benefits there- 
*' of to Uie arts of designing, engraving, and etching historical and other 
** prints," 

. W. $• SHAWf cleri of the ditfrict of Mwachu^etu^ 
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Advertisement, 

» 

By the permission of the corporation oi Harvard 
Ccdl^;e, the arithmetical part of Dn Webber's Matb* 
ematics is here published in a separate volume, with 
a view to the accoftimodation of those learners, who 
do not proceed to the other branches of the science ; 
and also of instructors who are preparing scholars for 
idle University. The examination for their admission 
will be conducted according to thb system. 

Cambridge^ April 1, 1812.^ 
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ARITHMETIC. 



IN UMBER is the abstract ratio of one quantity to 
anodier of the same kind, taken for unity. 

Theoretic Arithmetic is the science of numbers. 

JPractical Arithmetic is the art of numbering. 

In Arithmetic there are five principal or fundamental rules 
for its operations, namely, Notation, Addition, Subtraction, 
Multiplication, and Division. 

NOTATION.* 

Notation teaches how to read anypropose^l number, ex- 
pi*es8ed in characters, and to write any proposed number in 
characters. 



* As it is absolutely necessary to have a perfect knowledge 
of our excellent method bf notation, in order to understand the 
J^asoning made use of in the following Notes, I shall endeavour 
^ explain it in as clear and concise a manner as possible. 

* • It may then be observed, that the characters, by which all 
"^^bers are expressed, are these ten ; 0, 1, 2, 3, 4, 5, 6, r, 

> 9 ; is called a cyfiher^ and the rest, or rather all of them^ 

^^ called figures or digits. The names and signification of 

^^e characters, and the origin or generation of the numbers 

^y stand -for, are as follow ; nothing ; 1 one, or a single 

2 






10 NOTATION. 

I. To read Numbers* 

RULE.' •" 

To the simple vahie of each figure join the name of its plac:=^ ^c, 
beginning at the left and reading toward the right* 

EXAMPLES. 

Read the following numbers* 

sr 30791 iiioooni 

101 rOOrO 1234567890 

1107 33C6677 102p3Q4O506070fipW 

" ' ' • ■ ' ■' ' <' ■ *" 

thing, called an unit ; 1 and 1 are Sjtwo ; ^ and 1 are 3 three ; 
3 and 1 are 4 four ; 4 and 1 are 5 five ; 5 and 1 are 6 six ; 6 and 
1 are 7 seven ; 7 and 1 are 8 eight ; 8 and t are 9 nine ; and 9 
and i are ten, which has no single character ; and thus by com 
tinual addition of one, all numbers are generated. 

3. Besides the simple value of the figures, as above noted^ 
they have each a local value according to the following lawy 
namely, in a combination of figures, reckoning from right to 
left, the figure in the first place represents its jprimitive simple . 
i( vMue ; that )Xi the second place, ten times its simple value ; 
that in the third place, a hundred times its simple value, and so 
on ; the value of the figure 'in each place being ten times the 
value of it in that immediately ^preceding it. 

3. The names of the places are denominated according to 
their order. The first iscall04- the pkce of units ; the second, 
that of tens ; the third, of himdreds ; the fourth, of thousands ; 
the fifth, often thousandsii'the sixth, of hundred thousands ; the 
* seventh, of millions, and so on. Thus, in the number 3456789 ; 
9 in the first place signifies only nine ; 8 in the second place 
signifies eight tens, or eighty ; 7 in the third place is seven 
hundred ; 6 in the fourth place is six thousand ; 5 in the fifth 
place is fifty thousand ; 4 in the sixth place is four hundred 
thousand ; and 3 in the seventh place is three million ; and the 
whole number is read thus, three million, four hundred ami 
fifty six thousand, seven hundred and eighty nine. 
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NOTATION. 
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II. Te write Numbers. 

RULE. 

Write the figures in ih? same order as their values axe ex- 
pressed in, beginning at the left, and writing toward the right; 
remembering to supply those places of the natural order 
witli cyphers, which arc (imiited in the question. 



4. A cypher, tliousjh it siynifies nothing of itself, yet it occu- . 
pies a place, and, when set on Hue right of other figures, in- 
creases theip v^ue like any other in a teiifoW proportion ; thus, 
5 signifies only five j but 50, five tens or fifty j and SOO, five 
bundred, &C. 

5. For the more easy reading of large numbers, they are di- 
vided into periods, and half periods, e^ch half period consisting 
•f three fijjurcs; the name of the first perioii being units ; that 
nfthe second, millions; of the third, billions; of the fourth 
trillions, &c. Also the first port of any period is the part of 
units; and the latter part, that of thousar.ils. 



n 
i 



n,j 



; Table contains a summary of the tvhole doctrine. 



Periods. Qii,»!ril, Tril, Biilu-i 


s.MiUiniis. Ui.its. 


Half Pet. thun. lii. un. Hi- iir 


. th ui. est cxu 


Figures 123,436 789,098 765,4.'! 


2 10!,l;34 567 800 




A SytiQfuia of the Soman JVoiatian. 

As of^en as any character is repeated, so many 
[I times is its value repeated. 

A less character before a greater dl»ij 
ninisbes its value. 

A less character after a greater ii^l 
creases its value. 



iS NOTATION. 

EXAMPUBAi 

I 

Write in figures the following numbers. 

Eighty one. Two hundred and eleven. One thousand 
and thirty nine. A million and a half. A hundred and four 
score and five thousand. Eleven thousand million^ eleven 
hundred thousand and eleven. Thirteen billion, six hun- 
dred thousand million, four thousand and one. 

EXPLAJsTATiO^ OF CHABACTERS. 

* 

Note. If may be proper to explain here certain sigm^ 
Used in this work. 

:;s SIGNIFIES equality ; as 20 shillings ««5a 1 pound sig- 
nifies, that 20 shillbgs are equal to one pound, 
-f Signifies plus^ or addition ; as, 4+2=6* 
— Signifies minus^ or subtraction ; as, 6—^2=4, 
X or., lato^ signifies multiplication ; as, 3x2 or 3'2=6. 
-r- %, or ) ( signifies division; as, 6-^2=3, or 2)6(3. 



10-X 

/iOsL 

100=C 

500 =D or lO For every affixed this becomes 10 

times as many. 
1000=3M or CIO For every C and D, put one^t each end, 
2000 «MM _ It becomes ten times as much. 
5000=100 : or V AUne over any number increases it^ 
6000=VI 1000 fold. 

|0000=XorCCIOO 

i0000«TO03 
60000 =5LX 
1 00000 «C"or CCCIQiOO 
)i 000000 = M or CCCCIOOOO 
gO0000Ot=MM 
&c. &c. 



t KorATION. 

Division may also bq denoted by placing the dividend 
over a line, and the divisiir under it ; thus |=G-i-2=3. 

- : : ■■ H'lgniR^stint/i/iift'ical proportion,- thwii- ^■.•.6 "SlB 
here the meaning is, 4 — 2=8 — 6=2. 

: :: : Signilifs gvomiftricat proportion ; thus 2:4;: 
which is to be read, as 2 co 4 so is J1 to 6. 

-^ Signifies coultnual ay'tthmeCkal proportion, or arilhmets 
ical /ir'jg-iession ; thus, 2 ; i : 6 : 8 -P sigiiifiesi that 2, 4, 6j"l 
nncl 8 are in jirithmetical proj^cssion. 
" -77- Signifies coiilinuui geometrical proportion, or geometri- 
Ctd progression ; thus, 2:4:8:16-7^ signifies, that 2, 4, 8,.| 
J6, are in geometrical progresaion, 
.-. Signifies therefore. 
|» Signifies the second power ^ or square j thus, .v"~|» sig- 
■mifieS' the square of a-. 

j' .Signifies the third poxver, or ail>r. 
]"» Signifies anif poxwr. 
V» or ~|^, Signifies the square root; thuS" \^x, 'or x~\f \ 
signifies tlic square root of a-. 

^V) Of ~|^- Signifies the aibe root, 
n\/, or I", Signifies any root. 

I", Signifies any root of any power. 

The number, or letter, belonging to the above signs i 
powers and roots, is called the index, or exponent, 

A line, called a vinculum, dr^^ over several numbersfj 
signifies, that the numbers under it are to be considered ' 
jointly ! thus, 20 — 7+8=5 ; but without the vincului 
20 — ?+2=21. The same thing is also sometimes expIX 
ed bv a purentii^sis, inclosing two or more numbers^ 
quantities thus, 20 — (7+8)=5. 

Two or more letters, joined together like those of a word,^ 
signify, that the numbers, whith they represent, are to be | 
multiplied together i thus a6=(Txi; and aic'=ox6xe. 



14 SIMPLE ADDltlON. 

SIMPLE ADDITION. 

, Simple Addition teaches' to collect several numbers of tht 
.^me denomination into one number, called the sum* 

* RULE.* 

1. Place the numbers under each other, so that units may 
a^nd under units, tens under tens, &c. and draw a line un^ 
der them. 

* This rule, as well as the method of proof, is founded on the 
known axiom, '' the whole is equal to the sum of all its parts.** 
All, that requires explaining, is the method of placing the num« 
bers, and carrying for the tens, both which are evident from the 
nature of notation. For any other disposidon of the numbers 
would entirely alter their value ; and carrying one for every 
ten, from an inferior row or column to a superior, is evidently 
right, since an unit in the latter case is of the same value as ten 
}n the forn>er. 

Beside the method here given, there |s ^another very ingQ- 
l)ious one of proving addition by casting out the nines. 

RULE. 

1. Add the figures in the first line, and find how many nines 
are contained in their sum. 

2. Reject the nines and set the remainder in the same line^ 
•n the right. 

3. Do the same in each of the other lines, and find the sum 
of the row of excesses. Then the nines of this sum, and of the 
sum of the given numbers being rejected, if the two excesses 
be equul, the addition is proved to be rightly performedl. 



3782 
5766 
8755 

18303 



2 

? 7 

^6 



RUMPLE ADDITION-. II I 

2. Add the figures in the rem of units, an;! find liow many I 
ieiis are contiiincd in their sum. 

3. Set the remainder under 'he line, and carry as man;^ I 
□nits to tile next row, as there are tens, with w hich proceed 1 

as b-'for'- . nnd sn on till thp whole is finished. 



Thia metliotl depends on a property of the number 9, vhich 
belongs to no other digit whatever, except 3, namely, that aaf 
number divided liy 9 leaves the s^me remuindcr, as th< 
its figures or digits divided by 9 ; which may be thus denioi>- J 

Dehoit. Let there be any number, as 3467 ; this separated 
into its aevcral parts becomes 3000+400+60-1-7 ;' but 3000=9 I 
XlO0O-=3X999+l =3X999+3. In like manner 400=4x 1 
t9+4, and 60=6X9 + S. Therefore 346T=3x999+3+4X | 
99+4+6X9 + 6 + 7 = 3x999+4x99 + 6X9 + 3+4 + 6+7. And 1 
3467 3X999 + 4X99 + 6X9 3 + 4 + 6+7_ gm 3X999+4X ' 

9 9^9 

99+6x9 is evidently divisible by 9; therefore 3467 divided by 
9 will leave the same remainder, as 3+4+6+7 divided by 9 ; 
and the same wilt hold forany other number whatever. Q. E.D. 

The same may be demonstrated universally thus. J 

Dehoh. Let A*= any number whatever, a, 6, c, Sec. the dig-fl 
its, of which it is composed, and n= as many cyp'icrs as a, tha " 
highest digit, is place sJVom unity. Then 7V=a wlih w Os+* 
with M— I Os+c with n — 3 0*. kc. by the nature of notalion ; 
=oXn 9s+a +^Xn — [ 9a+.'^+f X»— 3 9s+c, kc =aX»9 =+i 
Xn — ! 9s+f X"— 3 9s, &c. -i-a+b+e, &c. but «x?i 9s+4X'i- 
9a+exn — 2 9s, &c. is plainly divisible byS j IhTefore JVdJ 
Tided by 9 will leave the same remainder, as o+S+c, &c. t 
«d by 9. Q. E. D. 

In the very same mdnncr, this property may be shown to he~d 
long lo the number three ; but the preference is usmilly j^iven* 
to the number 9, on account of its being more coiive 
practice. 

Now from the demonstiatinn here given, the reason of th» | 
rule ilselt is evident ; for the excess of nines in each oi two a 
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SIMPLE ADDITION. 



METHOD or PROOF. 

1. Draw a line between the first and second liites of fi 
ures to cut oiF the first number* 

2* Add all the other numbers, and set their sum under 
sufti of all the numbers* 

3* Add the numbers last found and the number cut 
and if their sum be the same, as that found by the first 
dition, the sum is right* 

EXAMPLES. 

(1) (2) (3) 

23456 22345 345 ''8 



i^- 



- V 



78901 
33456 
78901 
23456 
78901 



307071 Sum. 



283615 



67890 

87« 

340 

350 

78 



99755 Sum. 



77410 



307071 Proof. 



99755 Proof. 



3750 

87 

328 

17 

327 

3CjOB7 Sum* 



4509 



39087 Proof. 



more numbers being taken, and the excess of nines als^ in the 
, sum of these excesses, it is plain, the last excess must be equal 
to the excess of nines, contained in the sum of all the nuibbers ; 
the parts being equal to the whole. / 

This rule was first given by Dr. Wallis in his AiiAimetic, 
published A. D. 1657, and is a very simple, easy niethod ; 
though it is liable to this inconvenience, that a wrong operadon 
may sometimes appear to be right. For if we change the plac- 
es of any two figures in the sum, it will still be the same. A 
true sura will however always appear to be true by this proof; 
and to make a false one appear true, there must be at least two 



MPLE SUBTRACTION. 

i. Add 8635, 2194, Hai.SOejjSlSS.and 1245 together. 

Answer 2675^ , 

3. Add 246034,29876S,473ai,5865a,64218, 5376, 9821, 

and 340 together. Ans. 730528. 

6. Add 362163,21964,56321, 18536,4340,279, and 83 
together. Ans. 663686. i 

7. How many daja are there in the twelve calendar \ 
months ? Ana. 36j. 

3. How many days are there from the 19th day of April, 
1774, to the 27th day of November, 1775, both days exclu- 
l^e^ Ans. 586* 



SIMPLE SUBTRACTION. 

SimpJe Subtraction teaches to take a less number from A ^ 
greater of the same denomination, and thereby shows the 
^ffcrence or remainder. The less number, or that which is 
to be subtracted, is called the Subtrahend ; the other, then; 
■nuend ; and the number, that is found by the operation, the ■ 
Ttmaivider or difference. 

RULE.* 

1. Place the less number under the greater, so that units 
may stand under units, tens under tens, ^cc. and draw a Uoe 
tmder them: 



I errors, and these opposite to each other. And if there be mors 
' than two errors, they must bdluiice among themselves ; but tho'' 
chance against this particular circumstance is so greai, thut we 
tnay pretty safely trust to this proof. 

" Demon. 1. When all the figures of the less number are 
less than their correspondent fi^^urcs in ihe greater, the differ* 
ences of the fi!;ui-es in the several like places musi, laki 
{ether, make the true difference sought ; becuusG) ai the lUi 
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SIMPLE SUBTRACTIOX. 



'<L Bt:j|;ixuung, ac the ri^jht, take each figure in the subtn- 
hend from the dgure over it, and set the remainder under 
the line. 

3. If die lower figure be greater than that over it, add ten 
to the upper tigure ; from which figure, ao inert ased, take 
the lower, and write the reminder, carrying one to the next 
d^re in die lower line, with which proceed as before ; and 
so ou till the whole is finished* 

JfethoJ of Proof. 

Add the remainder to the less number, and if the sum be 
c^uui to the ^eater, the work is right. 



0) 



XXAJMPLES. 
(2) 

From 5^27467 
Take 1008438 



(3) 
From 1234567 

Take 345678 



Keiiu 94J869 Remain. 43 1 9029 Remain. 888889 



l^v»v>l^J:;i«^6:^j Proof 5327467 Proof 1234567 



ui itiv iMiiN iH ci(U4il to tlie whole, so must the sum of the difie- 
ri iii.i:M oi all the aiuiilar parts be equal to the difference of tbf 
whiiUi-^, or t;i\cii iiuiubera. 

J \V iicii .uiy li^ut-e of the greater number is less than its 
mMi<.i|h»ikU'1iC ^k»i'« ii^ the less, the ten, which is addedbythe 
1 iHis 1^ (Ug vikliio of uii unit in the next higher place, by thena- 
uii«. .il luti.iiiiHi . .uiilthcone) that is added to the next place 
<•! (ill. Ii>.<4iiuiiil>cis i»i to diminish the correspondent place of the 
»)M.ii..i iMoulihKly; uud therefore the Operation in this case is 
•••ly i..Mi.,; hum one place and adding as much to aDother^ 
»v«...i.f., iiii> iiuuihcp is never changed. And by this method 
•»it. i^ilhU.! titiiiit>er Ih resolved into sueh parts, as are each 
IHM^t MmmIi Wr t^iinl to the similar parts of the less ; and the 



SIMPLE MULTrPLlCATtON. 

4. From 2037804 take 3376982. Ans. 260883 

5. From 376J162 take 826541. Ans. 293 ( 

6. From 78213606 take2r82l890. ' Ans- 50391 71(| 

7. The Arabian method of notation was first known | 
England about the year 1150 ; how long was it thence i 
lie year I "70 ? Ans. 626 yea 

8. Sir Isaac Newton was bom in the year 1642, and d 
in 1 727 i how old was he at the time of his decease i 

Ans. as ycai& ' 



SIMPLE MULTIPLICATION. 

Simple Multiplication is a compendious method of addi- 
tion, and teaches to fmd the amount of any given number c^ I 
^^ne denomination, by repeating it any proposed number a[ 1 

The number, to be multiplied, is called the multiplicaruL 

The number, to multiply, is called the muitiplier. 

The number, found from the operation, is called the pro* i 

£oth the multiplier and multiplicand are, in general, call* J 
ed terror or factors. 



difference of tlie corresp tin ding fi^ifea, taken together, will ev- 
idently make up the difference of ttie given numbers. Q. £. D. 
The truth of iho melhod of proof is evident j for the differ* 
■Bce of two numbers, added to the lesS} is manii'esdy' equal to 
the greater. 




snviPLE MULTIPLICATIOK. 

Multiplication and Division Table. 



1 


2 


3 


4 


' 


6 


7 


« 


^ 


10 


u 


I2| 


2 


4 


6 


S|lO 


12 


14 


16 




20 


2-i 


24 


3 


6 


a 


12 


15 


18 


:^i 


a4 


::7 


-" 


33 


.I'l 


4 


8 1? 


16 


20 


a4. 


:^ii 


J2 


3'. 


4r, 


44 


-•» 


5 


10 


li 


20 


25 


31) 


..o 


.O 


45 


5U 


5. .. 


6 


12 


18 


24 


.>0 


jt.. 


4.; 


48 


5+ (.0 


(.6 1 r : 


7 


14 1 .1 


2y 


.■:.; 


4-2 


4'.' 


56 


63 ru 


7- 


M 


8 


16 


24 


2 


*) 


4d 56 1 :.4 


,- ri 


88 1 :.^ 


9 


11 


27 


M 


4 


5. ..;|7. 


»1 


yo 


y<i 


t')8 


10 





^^.t 


40 




6u 


70 


eu 


yo| 


lU.) 


no 


T20 


11 


--• 1,13 |44 


'55 


06 


r- 


..,8 


yy 


11 


121 


J 


lii 


34 


•> 


4» 


.0 


7U 


84. 


«' 


.-*t. 




,.2 


144 



Use of the table in Multiplication. ^M 

Find the multiplier in the first column on the left, and^H 

multiplicand in the first line ; and the product is in the cora^' 

mon angle of meeting, or against the multiplier, and und^ 

the multiplicand. 

Use of the table in Division. 
Find the divisor in the first column on the left, and 
dividend in the same line; then the quotient will be, over; 
dividend, the first number of the column. 



I 



RULE.* 

1- Place the multiplier under the multiiilicand, so that 
units may stand under units, tens under tens, &c. and drai 
a line under ihem- 



■ Demon. 1. When the multiplier is a single digit, it' 
plain, that we find the product ; for by multiplying every figurBi 
that is, every part of the multiplicand, we muhiply the whole j 
and writing down the products, that are less than ten, and the 
excesses above tens respectively in the places of the figures 



1 



SIMPLE MULTIPLICATION. 3| 

St. Begin at the right, and multiply the whole multiplicand 

-Bcverally by each figure in ihe multiplier, selt'i ^ the first 

figure 01 every line produced directly under the ligure you 

are multiplying by, and canyinfi; fur the tens, as in addition. 

3. Add ail the lines togedier, and their sum is the product. 

niultlplied, and carrying the number of tens in each product to 
the product of ilie next place is only j^dihcring together the 
eimildr parts of the respecdve pioilucts, and is therefore the 
same thing, in effect, as writing the multiplicand under itself so 
often as the multiplier expresses, and adding the several repe- 
lidaiis together ; for the sum of each column is the product of 
Ae figures in the place of that column ; and these products, 
collected together) are evidently equal to the whole required 
product. 

2, If the multiplier consists of more than one digit ; having 
then found the prottuct of the muUipticand by the first figure of 
»ho rauhipher, as above, we suppose the muldplier divided intn 
parts, and find, after the same m.Hnncr, the product of the multi- 
plicand by the second figure of the multiplier ; but as the fig- 
ure we are multiplying by stands in the place of tens ; the pro- 
duct must be ten times its simple value ; and therefore the first 
figure of this product must be placed in the place of tens ; or, 
which is the same thing, directly under the figure we are mul- 
tiplying by. And proceeding in this manner separately with all 
the figures of the multiplier, it is evident, that we shall multiply 
all the parts of the multiplicand by all the parts of the multipli- 
er i or the whole of the multiplicand by the whole tif the multi- 
plier; therefore the sum of these several products vrtll be equal 
to the whole required product. Q. E. D, 

The reason of the method of proof depends on this proposl- 
tioDi namely, " that two numbers being multiplied togefher, el- 
ther of them may be made the muhiplier, or the multiplicand, 
DTid the product will be the same." A small attention to the 
nature of the oumbcrs will make this truth evident ; for 3x7 — 




SIMPLE MULTIPtlCAtioW. 



3. Multiply 32745675474 by 2. 

4. Multiply 84356745574 by 5. 
J. Multiply 3374656461 by 12. 
8. Multiply 273580961 by 23. 
i. Multiply 82164973 by 3027. 



Ans. 65491.156! 
Ans. 4i:i78.'J72837a 

Ans, 3y29587753i. 

Ans. 62:2362103. 

Ans. 248713373271. 



8. Multiply 8496427 by 874359. Ans. 7428927415295. 



N 



CONTRACTIONS. 

%, When there are cyphers on the right of ojte or bath tht 

factors^ 



Proceed as before, neglecting the cyphers, and on the 
right of the product place as many cyphers as are in both the 
fectors. 



EXAMPLES. 

1. Multiply 1234500 by 7500. 
12345 
75 

61725 

86415 



9258750000 the Product 



i 



2. Multiply 461200 by 73000. 

3. Multiply 8 15036000 by 70300. 



Ans. 332O64O00OOi 
Ans. 5729703O800O0a 



II. When the multiplier 



■ the product oj two or more mtmberS 
: the table. 



RULE.* 

Multiply continually by those number 
of the whole number at once. 



or parts, instead 



■ The reason of this method is obvious f for any number, 
muMpUed by &s Gomponent parta of another number, must 



SIMPLE DIVISION, 



EXAMPLES. 

1. Multiply 123456789 liy 25. 
123456"89 




3086419725 the product. 
S. Multiply 364111 by 56. Ans. 20390216. 

3. Multiply 71 28368 by 96. Ans. 684323 ;-;8. 

4. Multiply 123456789 by 1440. Ans. irr7?7r76160. 



SIMPLE DIVISION. 

Simple Dhisiontcaches lo find how often one number is 
contained in another of the same denomination, and thereby 
performs the work of many subtractions. 

The number, to be divided, is called the dividend. 

The number, to divide, Is called the divisor. 

The number df times, the dividend contains the divisor, is 
called the quotient. 

If the dividend contain the divisor any number of times 
and an excess, that excess is called the remainder. 

RULE.* 

1. On the right and left of the dividend, draw a curved 
line, and write the divisor on the left, and the quotient, as it 
rises, on the right. 



: the same product, as If it were multiplied by that numlter 
at once i thus, in example the second, 7 times the product of 8^ 
uulliplicd into the given number, makca 56 times that give 
number, as plainly as 7 umes 8 makes 56. 

' AccordinK to the rule, wc resolve the diiidend into parts, 
and find by trial the number of limes the divisor is contained in 
each of those parts ; the only thing then, which 



I 

"^1 



i 



36 SIMPLE DIVISION. 

2. Find how many times the divisor maybe had in so ma* 
1\y figures of the dividend, as are just necessar}^, and write 
the number in the quotient* 

d* Multiply the divisor by the quotient figure, and set the 
|iroduct under the part of the dividend used* 

4. Subtract the last found product from that part of Ac 
dividend, under which it stands, and on the right of the re- 
mainder bring down the next fi^re of the dividend ; which 
number divide as before ; and proceed in this manner till 
the whole is finished* 

proved, is, that the several figures of the quotient, taken as one 
number, according to the order, in which they are placed, is the 
true quotient of the whole dividend bj the divisor, wliich may be 
thus demonstrated^ 

D&MON. The complete value of the first part of the dividend 
is, by the nature of notation, 10, 100, or 1000, &c. times the 
value of which it is taken in the operation, according as there are 
1, 3, or 3, &c. figures standing on the right of it ; and conse- 
quently the true value of the quotient figure, belonging to that 
part of the dividend, is also 10, 100, or 1000, &c. times its simple 
value. But the true value of the quotient figure, belonging to 
that part of the dividend, found by the rule, is also 10, 100, or 
1000, Sec. times its simple value ; for the number of figures on 
the right of it is equal to the number of remaining figures in the 
dividend. Therefore this first quotient figure, taken in its com- 
plete value at the place it stands in, is the'true quodent of the 
divisor in the complete value of the first part of the dividend. 
For the s^me reason, all the rest of the figures of the quotient, 
taken according to their places, are each the true quotient of 
the ^divisor, in the complete value of the several parts of the di- 
vidend, belonging to each ; because, as the first figure on the 
right of each succeeding part of the dividend has a less number 
of figures, by one standing on the right of it, s6 ought their quo- 
tients to have ; and so they are actually ordered } consequently. 



SIMPLE DrVISION. 



Metkad of Pi-oQj' 
Multiply the quotient by the divisor, and this product, ad- 
ded lo the remainder, will be equal to the dividend, whenUlfr' 
work is right. 



] 



all ttie quotient figures beitii; taken in order as they are placed 
by the rule, they make one number, which is ecju:!! to the sum 
of the true quoiientsof all the several p^rts of the dividend ; 
and thercTore is the true quotient of the whole divideod by the , 
divisor. Q. E, D, . 

To leave no obscurity in this demonstration, I shall illustrate fl 
it by an example. 

EXAUPI.B. 

Divisor 36)85609 Dividend. 
1 St part of the dividend 85000 

36 X 2000 = raouo - 

1st rentainder - 13000 
add 600 

Bd part of the dividend 13600 

38X300= I080O-.300 the 3d quotient. 

Sd reniaindet- - 380O 



■ 2000 the 1st quotient. 



add 



00 



3d part of the dividend 3800 

S6 X 70 = 3520 - -ro the 3d qiiodent. 

3d remainder - 380 
add 

4th part of the dividend S89 

35x8= 388 - - S the 4lh quoUent. 

Last remainder - L asrs sum ofthe qtiottenti^ 
BxFLAHATioK. It IS cridcnt, that the dividend is resolved in. 
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EZAHPLESi 



(1) 

5)13545728(27091451 
10 


(2) 
365)123456789(338237 
1095 


35 
35 


1395 
1095 


45 

45 


3006 
292Q 


7 

5 


867 
730 


22 
20 


1378 
1095 


28 
25 


2839 
2555 


3 


284 



to these parts, 85000+600+00+9 ; for the first part of the dif 
vidend is considered only as 85, but yet it is truly 85000 ; and 
therefore its quotient, instead of 2, is 2000, and the remainder 
1 3000 ; and so of the rest, as may be seen in the operation. 

When there is no remainder after the operation of dividing i^ 
finished, the quotient is the absolute and perfect answer to the 
question ; but where there is a remainder, it may be observed^ 
that it gives a part of another unit for the quotient, which is 
greater as it approaches nearer to the divisor. Thus, if the re- 
mainder be a fourth part of the divisor, the part is one fourth^ 
or one fourth of the divisor is contained in the dividend beside 
the quotient already found ; if half the divisor, the part is one 
half, or one half of the divisor is, in addition to the quotient al- 
l^eady found) contained in the dividend i and so on. In order 



SIMPLE DIVISION. 



2«J 



3. Divide 3756789275474. by 2. Ans, 1878394637737. 

4. Divide 1234567891(0 by 7. Ans. 1763668414^. 

5. Divide 9876543210 by 8. Ans. 123i567aOl5. 

6. Divide 1357975313 by 9. Ans. 150886145|. 
r. Divide 3217084329765 by 17. Ana. 1892755488094^. 



f thereibre to complete the quotient, put the last remainder at the^ 
£nd of it, above a small lincf and the divisor under it. 

It is sometimes difficult to 6iid how often the divisor is coO' J 
tuned in the numbers of the several steps of the operation ; th« 
best. way will be tu find how often the first figure of tlie divisor 
is contained in the firM, or two first, figures of the dividend, and 
the answer, made less by one or two, is generally the figure 
* wanted. Beside* if after subtraellng the product of the divisoE j 
and quotient from the dividend, the remainder de equal 1 
exceed the divisor, the quotient figtue must be encreased ac- 1 
cordingly. 

If) when you have brought down a Jgui'e on the right of the ! 
remainder, it be still Jess than the divisor, a cypher must be put J 
in the quotient, and another figure brought dowU) and then pro- 1 
ceed as before. 

The reason of the method of proof is plan ; for s 
quotient is the number of times the dividend contidns the divi- 
sor, the product of the quotient und divisor must evidently he 
equal to the dividend. 

There are several other methods, used to prove division ; tbo ' 
beat and most useful are the following. 

RuLK 1. Subtract the remainder from the dividend, and divide 
Ihia remainder by the quotient, and the quotient, found by this 
djviuon, will be equal to the former divisor, when the work is 
right. 

The reason of this rule is plain from what has been observed 
above. 



I ^K 




4t» SIMPLE DIVISION. 

8. Divide 3211473 by 27. Ans. 1189434«. 

9. Divide 1406373 by 108. Ans, 13021i|f. 
la Divide 293839455936 by 8405. Ans. 34960078^^^ 
11. Divide 4637064283 by 57606. Ans, 80496|J.J^. 






Mr. Malcolm, in his Arithmetic, has fallen into an error 
concerning this method of proof, by making use of particular 
numbers, instead of a general demonstration. He -says, the di- 
vidend being divided by the integral quotient, the quotient of 
this division will be equal to the former divisor, with the same 
yemainder. This is true in some particular cases ; but it vnll 
not hold, when the remainder is greater than the quotient, as 
may be easily demonstrated ; but one instance will be sufficient ; 
thus 17, divided by 6, p;ives the integral quotient 2, and remain* 
der 5 ; but 17, divided by 2, gives the integral quotien 8, and 
remainder 1 . This shows how cautious we ought to be in de- 
ducing general rules from patticular examples. 

Rule II. Add together the remainder, and all the products 
of the several quotient figures by the divisor, according to the 
order, in which they stand in the work , and the sum will be 
equal to the dividend, when the work is right. 

The reason of this rule is extremely obvious ; for the num- 
bers, that are to be added, are the products of the divisor by each 
figure of the quotient separately, alifi each possesses, by its 
place, its complete value ; therefore the sum of the parts, to- 
gether with the remainder, must be equal to the whole. 

RuLS III. Subtract the remsdnder from the dividend, and 
what remains will be equal to the product of the divisor and 
quotient ; which may be proVed by casting out the nines, as was 
done in multiplication. 

This rule has been already demonstrated in multiplication* 

To avoid obscurity I shall give an example, proved accord? 
ing to all the different methods. 



MMPLE DIVISION, 

CONTRACTIONS. 
, To dhide by any number with cyphers annexed, 

RULE.* 

Cut off the cyiihers from the divisor, and the same num>d 
ber of digits from the right of the dividend ; then divid^V 



EXAMPLE. 
87)1^4367^9(1419043 133456789 



sr» 



87 



48 



,364 9y.>3301 1419ft43)l2.1456r41(8rProofbyD 

348* I13S3344 11353344 

48 

.J65 9933301 

.. 87* 123456789 Proof by Miilt.9933301 

. . 786 
. . r83» 

.... 37B Proof by cattbig out the ntneg. 

.. ..348* 4 is the excess of 93 in the quodent. 

■ 6 diito - - - - in the divisor. 

.....309 6 ditto - - . . in 4x6, which 

261* is alaolhe excess of 9s in (123456741) 

I the dividend made leas by the remainder, i 
48" 

123456789 Proof by Addiuon. 

For ilhistration, we need only refer to the exampic ; except j 
Jbr the proof by Addition ; wher* it may be remarked, that tlie I 
aaterisms show the numbers to be added) and the dotted linn I 
their order. 

• The reason of this contraction is easily perceived ; for cuU fl 
ting off the same figures from encti is ilic same as dividintr eacll J 
•f them by 10, 100, 1000, Etc. and it is evident, that as often ai 



3« SIMPLE DIVISION. 

making use of the remaiiiuig figures, as usual, and the quo^ 
tient is the answer ; and what remains, written before the 
figures cut oif, is the true remainder. 

EXAMPLES. 

1. Divide 310869017 by VlOO. 

ri,00)3108690,17(43r84ffJ5 the quotient. 
284 

268 
213 

556 

497 

599 
568 

310 
284 



2617 

2. Divide 7380964 by 23000. Ans. 320||w^ 

3. Divide 29628754963 by 35000. Ans. 846535|^m. 

XL When the divisor is the product of two or more numbers 

in the table* 

RULE.* 

Divide continually by those numbers, instead of the whole 
divisor at once. 

* 

the whole divisor is contained in the whole dividend, so often 
must any part of the divisor be contained in a like part of the 
dividend. This' method is only avoiding a needless repetition 
of cyphers, which would happen in the common way, as may 
be »een by working an example at large. 

^ This Mows from the second ccmtracdon in multiplication. 



SIMPLE DIV^SIO^f. ^ 

EXAMPLES. 

1. Divide 31046835 by 56=7X8. 
7)3 ; 046835(4435^62 8)4435262(554407 the quotient. 

28 40 

30 43 

28 40 

24 35 

21 32 

36 32 

35 32 

' 18 62 

14 56 



43 
42 



15 
14 



of which it IS only the converse ; for the third part of the half 

of any thing is evidently the same as the sixth part of the whole ; 

and so of any other parts. I have omitted saying any thing in 

the rule about the method of finding the true remainder ; for 

as the learner is supposed, at present, to be unacquainted with 

the nature of fractions, it would be improper to introduce them 

in this part of the work, especially as the integral quotients is 

sufficient to answer most of the purposes of practical division. 

However, as the quotient is complete without this remainder^ 

and in some computations it is necessary it should be known, I 

shall here show the manner of finding it, without any assistance 

from fractions. 

5 
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2. Divide 7014596 by 72=8X9. 
8)7014596 

9)876824 4 



f 

/ 



97424 8 the quotient. 

3. Divide 5130652 by 132. Ans. S^flteS,^ 

4. Divide 83016572 by 240. Ans. 345^02^^. 



*^> 



RtTLX. Multiply the quotient by the divisor, and subtract the 
product from the dividend) and the result will be the true re« 
xnainder. 

The truth of this is extremely obvious ; for if the product of 
the divisor and quotient, added to the remainder, be ^qual to 
the dividend, their product, taken from the dividend, idust leave 
the remainder* 

The rule, which is most commonly used, is this. 

Rule. Multiply the last remsdnder by the preceding^ divfeor, 
or last but one, and to the product add the preceding remain- 
der ; muldply this sum by the next preceding divisoir, and to 
the product add the next proceding remainder ; and 9o on -till 
you have used all the divisors and remainders. 

EXAMPLE. 

9)64865 divided by 144 1 the last remsdnder. 

Mult. 4 the preceding divisor. 



4)7207 2 



4 



4)1801 3 Add 3 the second remainder. 

450 1 7 

Mult. 9 the first di^sor. 

63 
Add 3 the first remainder. 

Ans. 450^. 65 

To explain this rule from the example^ we may observe that 
every unit of the first quotient may b^iooked upon as contain- 



PLE' DIVISION. 



UI. To perfon 



1 more concisely than by thegencrai 
rule. 



Multiply the divisor by ihe quotient figures as before, and 
subtract each figiwc of the product when you produce it, al- 
ways remembering tg carry so many to the next figure t 
were borrowed be(an, 

EXAMPI.ES. 

J. Divide 3104675846 by 8o3. 

833)3104673846(3727101515 'be qoodeot, , 
60o6 
2257 
3915 



» 



1546 
713 



a. Divide 29137062 by 5317, 
3. Divide 62015735 by 7803. 




ing 9 of the units in the given dividend i consequently evepj 
it of it, that remains, will contain the same ; therefore tliis re« 
mainder must be multiplied by 9, in order to find the units of 
the given dividend, which it contains. Again, every unit in the 
next quotient will contain 4 units of the preceding, or 36 of the 
^ven dividend, that is, 9 times 4 ; therefore what remains must 
be multiplied by 3G ; or, wliich ie the same thing, by 9 and 4 
mtinually. Now this is the same as the rule ; for instead of 
finding the remainders separately, they are reduced from the 
bottom upward, step by step, to the first, and the remaining units , 
of the same class taken as they occur. 

• The reason of this rule is tlie same as that of the g 



' the general |^^^| 



36 REDUCTION, 

4. Divide 432756284563574 by 87 JW* 

Ans. 495445498|^|$|f 



REDUCTION. 

Reduction is the method of bringing numbers from one 
name or denomination to another witbqpt changing the val- 
ue. 

In order to perform reductioiV) it is necessary to be ac- 
quainted with the relative value of the different denomina- 
tions of coin, weight, and measure, that are us«d ; fot which 
purpose see the following 

TjIBLES of COIK^ WEIGHTy AJ^D MEjiSURE. 

MONEY. 



4 farthings make 1 penny. 
12 pence 1 shilling. 

20 shillings 1 pound. 



£ denotes pounds. 
/or s shillings! 

d pence. 



TROY WEIGHT. 

24 grains make 1 penny-weight, marked grs. dwt. 
20 dwU 1 ounce, oz. 

12 oz. 1 pound, lb. 

By this weight are weighed jewels, gold, silver, com 9 
bread, and liq(^urs. 

APOTHECARIES' WEIGHT. 

20 grains make 1 scruple, marked gr. sc. or Q 
3 sc. or ^ 1 dram dr. or 5* 

8 dr. 1 ounce cz. or ^. 

12 oz. 1 pound lb. 

Apothecaries use this weight in compounding their mecl" 
icincs ; but they buy and sell their drugs by Avoirdupois 



REDUCTION. 
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weight. Apothecarifefc' is the same as Troy weight, having 
only some different divisions. 

AVOIRDUPOIS WEIGHT. 

16 drams make 1 ounce, marked dr. ot. 

1 pound lb. 

1 quarter qr. 

1 hundred weight cwt. 
1 ton T. 

By this weight are weighed all things of a coarse or dros- 
sy nature ; such as butter, cheese, flesh, grocery wares, and 
all metals, except gold and silver.* 



16 ounces 
28 lb. 
4 quarters 
20 cwt. 



lb. 

* A firkin of butter is . 56 

A firkin of soap 64 

A barrel of pot-ashes . . . 20i) 

A l>arrel of anchovies . . , . 30 

A barrel of candles 120 

A barrel of soap 256 

A barrel of butter 224 

A fother of lead is 19| cwt. 

A stone of iron 14 

A stone of butcher*s meat . 8 
561b. old hay > , , , 

eoiUnewhayS™'^"'*'^''- 
3& trusses a load. 

^ pecks coal make 1 bushel. 
^ bushels .... 1 vat or strike. 

^^ bushels 1 chaldron. 

^^ chaldrons 1 score. 

'lb. ^ool make 1 clove. 

cloves 1 stone. 

* atones 1 tod. 

H tods 1 wey 

* ^eys 1 sack. 

}^ ^cks 1 last. 



lb. 

A gallon of train oil 7^ 

A faggot of steel 120 

A stone of glass 5 

A seam of glass is 24 stone, 

or 120 

lb. oz. dr. 
A peck loaf of bread 

weighs 17 6 1 

A half peck 8 11 

A quartern 4 5 8 

lb. 
A barrel of pork is . • • . 220. 

A barrel of beet is .... 220. 

A quintal offish 112. 

20 things make 1 score. 

12 . 1 dozen. 

1 2 dozen 1 gross. 

144 dozed . . 1 greater gross. 

Farther^ — 5760 grains =1 lb. 
Troy; 7000 grains=l lb. A- 
voirdupois ; therefore the 
weight of the pound Troy is to 
that of the pound Avoirdupois^ 
as 5760 to 7000, or as 144 t6 

175. 



REDUCTION, 
DRY MEASURE. 



Marked 
2 pints make 1 quart pts. qta. 
2 quarts ,' potlle pot. 
2 putties 1 gallon gal. 
2 gallons 1 peck pe. 

4 pecks 1 bushel bu. 

2 bushels J strike sir. 
Note — .The diameter of : 
ches, and its depth 8 inches.- 



Marked 
8 bushels 1 quarter qr. 

3 quarters 1 wey or load W^. 

4 bushels 1 coomb co. 

5 pecks 1 bushel water meas* 
10 coombs I wey 

i weys I last L. 

Winchester bushel 
■And one gallon by dryi 



ure contains 26 8| cubic inches. 

By this measure, salt, lead, ore, oysters, corn, 
dry goods are measured. 

ALE AND BEER MEASURE. 
Marked 



2 pints make 1 quart pta. qts- 
i quarts 1 gallon gal. 

8 gallons 1 firkin of Ale fi.r. 

9 gallons l firkin of Beer fir 



dryqM 



Mailed 

2 firkins 1 kilderkin kit. 

2 kilderkins I barrel bar* 

3 kilderkins 1 hogshead hhd. 
3 barrels 1 butt butt* 



\ 



NoTB. — The ale gallon contains 2S2 cubic inches. Ill 
London the ale firkin contains 8 gallons, and the beer firkia 
9 i other measures being in the same ptoportion. 



MariSi^ 



WINE MEASURE. 

Marked I 
2 pints make 1 quart pts. qts 2 hogshead 1 pipe or 
4 quarts 1 gallon gal. butt p. or b. 

42 gallons 1 tierce tier, i 2 pipes 1 tun T- 

63 gallons 1 hogshead hhd. | 18 gallons 1 runlet nuuU 
S4 g;\llons 1 puncheon pun. | 31^ gallons 1 barrel bar* I 

By this measure, brandy, spirits, perry, cyder, mead, vin- 
egar, and oil are measured- 

XoTE. — 231 cubic inches make a gallon, and 10 gall wwr | 
make an anchor. 







gall(wrj 

3 



m^ 
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■ 


CLOTH MEASURE. 


w 


Marked | Marked 


i)]actKB male 1 nail nls. 1 3 qrs. 1 ell Flemish Ell Fl. 


Iniuls 


1 quarter qrs. 5 qrs. 1 ell English Ell Eng. 


fcquarterfl 


1 yard yds, 6 qrs. 1 ell French Ell Fr. 




LONG MEASURE. 




Marked 


Marked 


3 barley corns make 1 


60 geographical miles, or 


Incli 


bar. c. in. 


69i stature miles 1 de- 


13 inches 


1 foot ft. 


gree deg. or " 


3 feet 


1 yard yd. 


360 degrees the circiunfer- 


Bfm 


1 fathom fath 


ence of the earth. 


«i yards 


1 pole pol. 


Note. 4 inches make 1 hand* 


to poles 


1 furlong fur. 


5 feet I geometrical pace 


1 furlongs 


1 mile mis. 


6 points 1 Une 


' miles 


t league 1. 


12 lines 1 inch. 


ii 


TIME. 


MF 


Marked 


Marked. 


TOeonds make 1 min- 


4 weeks 1 month m. 


ute 


s. or"m or' 


13 months, 1 day, and 6 


1 minutea 


1 hour h. or° 


hours, or 


*■ hours 


1 day d. 


365 days and 6 hours, 1 


days 


1 week w. 


Julian year Y. 



Note 1. The second may be supposd to be divided into 
^ thirds, and these again into 60 fourths, &c. 

Note 2. April, June, September, and November, have 

h ao days ; each of the other months has Sl.eiccept Feb:- 

yffhich has 28 in common years, and 2H in leap years. 



J 
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CIRCULAR MOTION. 

60 seconds make 1 minute, marked " 

60 minutes 1 degree ° 

30 degrees 1 sign s 

12 signs, or 360° 1 circle. 



NEW FRENCH WEIGHTS AND MEASURES. 

Th£ weights and measures in common use are liable to 
great uncertainty and inconvenience. There being no fixed 
standard at hand, by which their accuracy can be tested, a 
great variety of measures, bearing the same name, has ob- 
tained in different countries. The foot, for instance, is used 
to stand for about thirty different established lengths in the 
different countries of Europe. The several denominations 
also of weights and measures are arbitrary, and occasion 
most of the trouble and perplexity, that learners meet widk 
in mercantile arithmetic. 

To remedy these evils, the French government in 1801 
adopted a new system of weights and measures, the several 
denominations of which proceed in a decimal ratio, and allre« 
ferable to a common permanent standard, established byna^ 
ture, and accessible at all places on the earth. This standard is 
a meridian of the earth, which it was found convenient to di- 
vide into 40 million parts. One of these parts is assumed 
as the unity of length, and the basis of the whole svstem. 
This they called a metre^ and is equal to about 39^ English 
inches, of which submultiples and multiples being tjien, 
the various denominations of length are formed. 

Eng. Inch. Dec, 
A millimetre U the lOOOth part of a metre -03937 

A centimetre the lOOth part of a metre -3937 1 

A decimetre the loth part of a metre ^^'93710 



REDUCTION. 



I. When the reduction is from a greater name to a less. 

RULE.* 

Multiply the highest name or deDominatlon by as many 

. one mates of the next less, adding to the product the ^xcxs 

of the second name ; then multiply this sum by as many as 




• The reason of this rule is exceedingly obvious : forpounds 
are brought into shillings by muliiptying them by £0 ; shillings 
UtopeBce by muhiplying them by 12 ; and pence into farth- 
ings by multiplying them by 4 ; and the conirary by division ; 
ud tins will be true in the reduction of numbers, containing 
Uy denominations whatever. 



A METRE 
A decametre 
A Hectometre 
A Kilometre 
A Tnyriometre 
A grade or degrt 
IDOOOO metres, ■ 



10 



Tbede 

'he hectometre 

The kilometre 

The myriomelre ... 

The grade cr decimal degree of the 

"Wridian 



metres 

100 metrcB 

1000 metres 

lOOOO metres 

of the meridian equal 

lOOth part of the quadrant. 3937100.00000 

Mis. Fur. Yds. Ft, In.Be. 



39-37100 
39J-7100O 
3937-10000 
39371-00000 
393710'00000 



I 



- 10 2 9-7 

109 I 1 

4 213 I 10-2 

- 6 1 156 6 



MEASURES OF CAPACITY. 

A cube, whose side is one tenth of a metre, that is, a cubic 1 
I decimetre, constitutes the unity of measures of capacity. I 



4« REDUCTION. * 

many as mike one of the next following ; and soon througii 
all the denominations to the highest ; and this last quotient, 
tQgether with the several remainders, will be the answer re^ 
quired. 

The method of proof is by reversing the question* 

EXAMPLES. 

1. In 1465L 14s. 5d. how inany farthings ? 
20' 4) 140709 J 



29314 12)351773 
12 



351773 



2,0)^931,4 5 



4 Proof 1465L 14s. 5d^ 



1407092 the answer. 

2. In 12l. how many farthings? Ans. II 520. 

3. In 6169 pence how many pounds? 

Ans. 251. 14s. Id.. 

4. In 35 guineas how many farthings ? 

, Ans. 478*J» 

The year was made to consist of 13 months of 30 days eadi, 
and the excess of 5 days in common and 6 in leap years .was 
considered as belonging to no month. Each month was divid- 
ed into three parts, called decades. The day was divided Into 
10 hours, each hour into 100 minutes, and each ii^nute into 100 
seconds. This new calendar was adopted in 1793 ; in 1805 it 
was abolished, and the old calendar restored. The weights and 
measut:0;s are still in use, and will probably sojon prevail through^ 
out th^ continent of Europe. They are recommended to the 
attention of every ciyiiized country ; a#d their general adoption 
would prove of n6 ^all importance to the scientific^ as well a^ 
to the commercial world. 



REDUCTION. tkS 

£ in 420 quarter guineas how many moidorea ? 

Ans. 81|. 

6. In 2311. 16s. how many ducats at 4s. 9d. each? 

Ans. 9T6. 

7. In 274 marks, each 17s. 9d. and 67 nobles, each S^. 
lid. how many pounds I Ans. 2811. I9s. 3d. 

8. In 1/76 quarter guineas how many six pences ? 

Ans. S48€4> 

9. Reduce 1776 six and thirties to half-crowns sterling. 

Ans. 2S574|, 

10. In 50807 moidores how many peices of coin, each 
4s. 63. ? * Ans. 406456. 

11. In 213210 grains how maiiy lb. ? 

Ans. srlb. 3dwt. 18gr. 
12- In 59lb. I'Sdwts. 5gr. how many grains ? 

Ans. 340157. 

13. In 8012131 grains how many lb. ? 

Anf. 13901b. lloz. ISdwts. 19grs. 

14. In 35 tons, 17cwt. Iqr. 23lb. 7oz. 13dr. how many 
drams ? Ans. 20571005. 

15. In 37cwt. 2qr. 17lb. how many pomids Troy, a pound 
Avoirdupois beingequal to 14oz. lldwt. IS^grs. Troy? 

Ans. 5J24lb. 5oz. lOdwt. llj^rs. 

16. How many barley jioms will reach round the world, 
supposing it, according to the best calculation, to be 8340 
leagues ? Ans. 475580160a- 

17. In 17 pieces of cloth, each 27 Flemish ells, how many 
yards? Ans. 344yds. Iqr. 

18. How many minutes were there from the birth of 
Christ to the year 1776, allowing the year to consist of 
S65d. 5h. 48' 58" ? Ans. 934085364' 48". 



I 
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i4 COMPOUND ADDITION. 



COMPOUND ADDITION. 

Compound Addition teaches to Collect several numbers of 
different denominations into one sum. 

RULE.* 

1. Place the numbers so, that those of the same denomins^ 
lion may stand directly under each other^ and draw a Une 
tinder them. 

2. Add the figures in the lowest denomination, and find 
how many ones of the next higher denomination are con- 
tained in their sum. 

3. Write the remainder, and carry the ones to the next 
denomination ; with which proceed as before ; and so on 
through all the denominations to the highest, whose sum 
must be all written ; and this sum, together with the several 
fcmainders, is the whole sum required. 

The method of proof is the same as in Simple Addition. 



* The reason of this rule is evident from what has been ssud 
m Simple Addition ; for, in addition of money, as 1 in the pence 
18 equal to 4 in the farthings ; 1 in the shillings, to 1 ^ in the 
pence ; and 1 in the pounds, to 20 in the shillings ; tberefcu^ei 
carrying as directed) is nothing more than providing a method 
of digesting the money, arising from each column, properly in 
the<scale of denominations \ and this reasoning will hold good 
in the addition of compound numbers of any description what* 
ever. 



COMPOUND ADDITION, 
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EXAMPLES. 


















MONET- 
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id 


£' 


s* 


d. 


iC- 


; 8. 


d. 


jC. 


s. 


d. 




IT 


13 


4 


84 

75 


17 

13 


5* 


175 


10 


10 




13 


10 


2 


107 


13 


llf 


^ 


10 

• 


17 


3 


51 


17 


8| 


89 


18 


10 


ki 


8 


8 


7 


20 


10 


10J 


7S 


12 


2i 


1 


3 


3 


4 


ir 


la 


i 


3 


3 


3i 
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8 


8 


10 


10 


11 


1 

« 
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1 

• 


^4 


I 


4 


261 
176 


5 
8 


Si 

2J 


452 


19 

1 


2i 




S6 


8 





277 


8 


H 




^4 
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261 


5 


«i 


452 


19 


2J 



TROY WEIGHT. 
lu> oz. dwt. gr. lb. pz. dwt. gr. lb. oz. dwt. gf. 
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11 


14 


10 


13 


20 


27 


10 


17 


18 


13 
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13 


13' 


13 


10 


18 


21 


ir 


10 


13 


13 


ISL 
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14 


14 


14 


10 


10 


10 


13 


11 


13 


1 


la 


10 
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10 
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10 
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2 
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1 




17 
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3 


3 






13 


14 
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19 
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4f COMPOUND SUBTRACTION. 

AVOIRDUPOIS WEIGHT. 

OMTt ^. lb. OB. dr* T. owt ^. Ok oz. dr. T. cwt <^. lb. o^ d^, 

15 S 15 15 15 2 17 3 13 8 7 3 13 2 10 7 7 

13 2 17 13 14 2 13 3 14 8 8 2 14 1 17 6 6 

12 2 13 14 14 1 16 10 5 4 17 14 . 6 

10 1 17 15 2 13 17 2 13 12 7 7 

12 1 10 10 1 14 1 1 2 2 3 13 10 4 4 

10 112 17 4 16 1775 5 2 12 83 



LONG MEASURE. 

lllkfirw|Mt;^ll.kL ^ilkl«r.|iQLydft.iB. MKftr.poI Jd.ft.W 
3r314215 282 13 114 283 72 7 
M4 17 32 10 39117 22 10 30 1 7 
17 4 4312 28114 22 2763022 
lOS 63^1 7 48117 2»r 762021 
29222 337129 S 52 2 10 

90 4 2 22021 7 10 22 



COMPOUND SCBTRACnOK. 

Oii^nn/ Atffr<ac<igm iimdks^^ find iJ^^SSsx&xBoiwf 




?lace the leas number under the greater so, that those 
which are ot ihe same denominatipn, may stand di- 
undt^r each other, and draw a line under them. 
3eginning at the right, take the number in each denortl- 
n of the lower line from the number la the same de- 
lation over it, and set the remainders in a line under 



3ut if the lower number be greater than that above it, 
se the upper number by as many as make one of the 
lighcr denomination, and from this sum lake the lower 
er and set the rem^deras before. 
"arry one for the number borrowed to the next number 
lower line, and subtract as before ; and so on, till the 
is finished ; and all the several remainders, taken to- 
■ as one number, will be the whole diifcrence requii> 



method of proof 


s the same as i 

EXAMPLES. 

MONEY. 


Simple Subtraction. 

m 


"^ ^. .. d. 


£■ s. d. 


£. ..^ 


m 275 13 4 


454 14 -'I 


274' 14 2| 


te 176 16 6 


276 17 "i 


85 15 7| 


n. 98 16 10 


177 Ifi 0^ 


188 18 f-l 


«f275 13 4 


454 14 ■:.^ 


374 14 ^> 





he reason of this rule will readily appear from what has 
aid in Simple Subtraciion ; for tlie borrowing depends up- 
very same principle, and is only different, as the number* 
subtracted are of different denominations. 
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» COMPOUND MULTIPLICATION. 

2. 3lh» oi green tea, at 98* 6d. per pound. 

Ans. IL 8s. 6d. 

3. 5lb* of loaf sugar, at Is. 3d. per lb. 

Ans. 6L 3s. 

^ 4. 9cwt. of cheese, at ll. lis. 5d. per cwt. 

Ans. 141. 2s. 9d. 
5. 12 gallons of brandy, at 9s. 6d. per gallon. 

Ans. 5l. 14s. 

CASE 1. 

If the multiplier exceed 12, multiply successively by its 
component parts, instead of the whole number at once, as in 
% Simple Multiplication. 

EXAMPLES. 

1. 16cwt. of cheese at ll. 18s. 8d. per cwt. 
ll. 18s. 8d. 
4 



r 14 8 ^^^*- 

4 



£z6 18 8 the answer. 

2. 28 yards of broad cloth, at 193. 4d. per yard. 

Ans. 291. Is. 4d. 

3. 96 quarters of rye, at IL 38. 4d. per quarter. 

Ans. 112U * 

4. 120 dozen of candles, at 5s. 9d. per doz. 

Ans. 341. l€s. 

5. 132 yards of Irish ^loth, at 2s. 4d. per yard. 

Ans. 151. 8s. 

6* 144 reams of paper, at 13s. 4d. per ream. 

Ans. 961. 



''%^- 



COMPOUND MULTIPLICATION. IS 

CAS£ fU 

If the multiplier cannot be produced by the multiplication of 
mall numbers^ find the product of such numbers nearest to 
it, either greater or less, then multiply by the component parts 
as before ; and for the odd parts, add or subtract as the casip 

requires. 

EXAMPLES. 

1. 17 elk of holland, at 7s* 8^d* per elL 
7s. 8|d. 
4 



1 


10 


10 
4 


6 


3 


4' 


- 


7 


^ 



^6 11 O^ the answer. 

^« 23 ells of dowlas, at Is. G^d. per elL 

Ans. 11. 15s. 5|d. 
3. 46 bushels of wheat, at 4s. 7^d. per bushel. 

Ans. lOL lis. 9|d. 
-^ 59 yards of tabby, at 7s. lOd. per yard. 

Ans. 231. 2s. 2d. 
^. 94 pair of silk stockings, at 12s. 2d. per pair. 

Ans. 57L 3s. 8d. 
€.117 cwt. of Malaga raisins, at 11. 2s. 3d. per cwt. 

Ans. 130L 3s. 3d. 

EXAMPLES OF WEIGHTS AND MEASURES. 

I), oz. dwt gr. lb. oz. dr sc gr. cwt qr^ 11>. oz. mU. fui^. pis. yd. 
^1 1 7 13 2 4 2 10 27 1 13 12 24 3 20 2 
4 7 . 12 6 



54 COMPOUND DIVISION. 

COMPOUND DIVISION. 

Compound Division teaches to find how often one number 
is contained in another of different denominations* 

RULE.* 

1. Place the numbers as in Simple Division. 

2. Beginning at the kft, divide each denomination by the 
divisor, setting the quotients under their respective dividends. 

3. But if there be a remainder after dividing any of the 
denominations except the least, reduce it to the next lower 
denomination, and add to it any number, which may be in 
that denomination ; then divide the sum as usual ; and so 
on till tfie whole is finished. 

The method of proof is the same as in Simple Division. 

EXAMPLES OF MONEY. 

1. Divide 2251. 2s. 4d. by 2. 
2)2251. 2s. 4d. 



^1121. lis. 2d. the quotient. 
2. Divide 7511. 14s. r|d. by 3. Ans. 250l. lis. 6^d^ 



* To divide a number, consisting of several denominations, 
by any simple number whatever, is evidently the same as divid- 
ing all the parts or members, of which that number is composedj 
by the same simple numbers. And this will be true, when any 
of the parts are not an exact multiple of the divisor ; for by con- 
ceiving the number, by which it exceeds that multiple, to Wave 
its proper value by being placed in the next lower denominalionj 
the dividend will still be divided into parts, and the true quotient 
found as before ; thus 25l. 12s. Sd. divided by 9, will be th^ 
same as 181. 144s. 99d. divided by 9, which is equal to 21. 16s. 
Hd. as by the rule ; and the method of carrying from one d©* 
nomination to another is exactly the sami?. 



COMPOUND DIVISION. !kS 

S. Divide 8211. Its. 9|d. by 4. Ans. 2051. 9s. S^d. 

4. Divide 28L 2s. 1|J. by 6. Ans. 4i. 13s. 8|d. 

5. Divide 1351. 10s. 7d. by 9. Ans. 15l. Is. 2d. 

6. Divide 227L 10s. 5d. by 11. Ans. 20L 13s* 8d» 



CASE 1. 

If the divisor exceed 12, divide continually by its compo- 
nent parts, as in Simple Division. 



EXAMPLES. 

1« What is cheese per cwt. if 16 cwt. cost 30L 18s. Sd^i 
4)30l. 18s. ^d. 

4)7 14 8 



£l 18 8 the answer. 

2. If 20cwt. of tobacco come t.^ 120L 10s. what is that per 
cwt. ? Ans. 61. 6d. 

3. Divide 57L 38. rd. by 35. 

Ans. fT. 12s. 8d. 

4. Divide 85l. A. by 72. 

Ans. 11. 3s. 8^d. 

5. Divide 311. 2s. lO^d. by 99. 

Ans. 6s. 3^d. 

6* At 18l. 18s. per cwt. how much per lb. i 

• Ans. 3s. 4^d. 



CASE 2. 



If the divisor cannot be produced by the multiplication of 
small number Sj divide by Long Division. 



5« COMPOyND DIVISION. 



EXAMPLES. 



1. Divide 741. 13s. 6d. by 17. 
17)74 13 6 (4 7 10 
68 



6 




20 


» 


133 




119 




14 




12 




174 




17 




4 




^. Divide 23L 15s. 7id. by 37. 


Ans. 12s. 10|d. 


3. Divide 315l. 3s. lO^d. by 365. 


Ans. 17s. 3^* 



EXAMPLES OF WEIGETTS AND MEASURES. 

1. Divide 23lb. 7oz. 6dm. 12gr. by 7. 

Ans. 31b. 4oz. 9dwt. 12gr. 
/ 2. Divide, 13lb. loz. 2dr. lOgr. by 12. 

Ans. lib. lo2. 2sc. lOgr. 

3. Divide I061cwt. 2qrs. by 28. 

Ans. 37cwt. 3qrs. 18lb. 

4. Divide 375mls. 2fiir. 7pls. 2yds. Ift. 2in. by 39. 

Ans> 9mls. 4fur. 39pls. 2ft. Bin. 

5. Divide 120L. 2qrs. Ibu. 2pe. by 74. 

Ans. IL. 6qrs. Ibu. 3pe. 
8. Divide 120mo. 2w. 3d. 5h. 20' by 111. 

Ans. Imo. 2d. lOh. 12'. 



^H DUODECIMALS. if 

DUODECIMALS. 

Duodecimals are so called because* they decrease by 
twelves, from the place of feet tovrards the right. Inches 
Me sometimes called primes, and are mariccd thus' j the 
text division, after inches, is 'called parts, or seconds, and is 
Baarkcd thus " ; the next is thirds, and marked thus '" ; and 

on. 

Duodecimals are commonly used by workmen and artifi- 
Bers in finding the contents of their work. 

MULTIPLICATION OF DUODECMALSj 
OR, CROSS MULTIPLICATION. 

^ RULE. 

Under the multiplicand write the same names or de- 
nominations of the muhiplier, that is, feet under feet, inches 
Wder inches, he. 

2. Multiply each term in the multiplicand, beginning at 
file lowest, by the feet in the muhiplier, and ivTite each re- 
mit under its respective term, observing to carry an unit 

ir every 12, from each lower denomination to its next su- 
:rior. 

3. In the same maimer multiply eveiy term iu the mulii- 
IJicand by the inches in the multiplier, and set the result of 

ich term one place father toward the right of those in the 
Lultiplicand. 

4. Proceed in like manner with the seconds and all the 
■est of the denominations, if there be any more; and the 
rum of all the lines will be the product required. 

Or the denominations of the several products will be 
bilow: 

tFeet by feet give feet. 
Feet by primes give primes. 



I 



58 DUODECIMALS 

I 

Feet by seconds give seconds, 

&c. 
Primes by primes gTve seconds* 
Primes by seconds g^ve thi. ds. 
Primes by thirds give iourths, 

&c. 
Seconds by seconds give fourths* 
Seconds by thirds give fifths. 
Seconds by fourths ^ve sixths, 

he. 
Thirds by thirds give sixths. 
Thirds by fourths give sevenths* 
Thirds by fifths give eights, 
&c« 
In general thus ; 
When feet are concerned, the product is of the same de- 
nomination with the term multiplying the feet. 

When feet are not concerned, the name of the product 
will be expressed by the sum of the indices of the two fa<> 
tors, or of the strokes over them. 

EXAMPLES. 

1. Multiply lOf. 4' 5" by 7i. 8' 6". 

7 8 6 



72 6 11 

6 10 11 4 

5 2 2 6 

79 11 6 6 Answer. 



2. Multiply 4f. f by 6f. 4' O". Ans. 29f. C 4". 

3. Multiply 14f. 9' by 4f. 6'. Ans. 66f. 4' e"* 

4. Multiply 4£ 7' 8" by 9f. 6'. Ans. 44f. tf lO"* 



VULGAR FRACTIONS'. 



3» 



a. Multiply rf. 8' 6" by lOf. 4' 5." 

Ans. 79f. ll'0"6"'6iv. 

6. Multiply 39f. 10' 7" by 18f. S' 4". 

Ans. 74S{. 6' 10" 3'" 4iv. 

7. Multiply 44f. 2' 9" 2'" 4iv. by 2f. 10' 3". 

Ans. 126f. 2' 10" 8'" lOiv. llr. 
a. Multiply 24f. ID" 8" 7'" 5iv. by 9f. 4' 6". 

Ans. 233f. 4' s" 9'" 6iv. 4v. 6vi. 

9. Required the content of a fl.oor 4Bf. 6' long, and 24f. ' 
i' broad. 

Ans. 1176f. 1'6". 

10. What is the content of a marble slab, whose length is 
If. 7", and breadth If. 10'? 

Ans. lOf. 2' 10". 

11. Required the content of a ceiling, which is 43f. 3' 
bug, and 25f. 6' broad. 

Ans. 1102f. 10' 6". 

12. The length of a room being 20f. its breadth 14f. G', 
id height lOf. 4' ; how many yards of painting are in it, 
^ducting a lire place of 4f. by 4f. 4', and two wintlowa, 
chef, by 3f. 2'? Ans. 73/y yards. 

13. Required the solid content of a wall 53f. 6' long, lOC 
high, and 2f. thick. Ans. 13101'. 9'. 



VULGAR FRACTIONS. 

1. Fractmis are eiqjressions for parts of an integer or 
^le. Vtdg-ar Fractions are represented by two numbers, 
laced one above the other, with a line between them. 

2. The number above the line is called the numerator ; 
id that bdow the line, the denominator. 

The denominator shows how many parts the integer is 




6^ VULGAR FRACTIONS 

remains, always dividing the last divisor by the last remain- 
der ; then will the last divisor be the greatest common meas- 
ure requiv^. 

2* When there are more than two numbers, find the 
greatest common measure of two of them as before ; and of 
that common measure and one of the other numbers ; then 
will the greatest common measure, last found, be the an- 
swer* 

3. If 1 happen to be the common measure, the given num- 
bers are prime to each other, and found to be incommeas- 
urable» 

EXAMPLES* 

1. Required the greatest common measure of 918, 1998, 
and 522. 

918)1998(2 So 54 is the greatest common measure 

1836 of 1998 and 918. 

Hence 54)522(9 

162)918(5 486 

810 

36)54(1 

108)162(1 36 



108 



18)36(2 



54)108(^ 36 
108 

Therefore 18 is the answer required* 

2* What is the greatest common measure of 612 and 
540? Ans. oQ. 

3. What is the greatest common measure of 720, 336, 
and 1736? Ans. 8« 



VULGAR FRACTIONSi 
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PROBLEM 2. 

Tojind the least common multiple of tivo or more numhers. 

RULE.* 

t. If there be only two numbers, divide tlielr product by. I 
Bieir greatest common measure ; aad the quotient will be j 
leir least common multiple. 

2. When there are more than two numbers, fmd the least 

immon multiple of two of them as before ; and of that 
common multiple and one of the other numbers ; and so oa 
'through all the numbers to the last ; then will the least 
eommon multiple, last found, be the answer. 

i. If the numbers be prime to each other, their product J 

their last common miUtiple. 

EXAMPLES. 

lat is the least common multiple of 3, 5, 8, aiid 



•15 the least common multiple of 3 and 5. 



) the least common multiple of 3, 5, and 8. 
^^ t0)iaO0(120, hence 10 is the 

PS00(130 the answer. greatest commoa 

measure of 10 & 
1200. 



The truth of this rule may in 3ome measure be seen by an 
(xaminadon of the first example. It may be easily ascertain- 
ed that 15 is the least number, that can be divided by 3 and S 
without a remainder i and that ISO is the least number, that 
can be divided by 3, 5, and 8 without a remainder ; but this 
can also be divided by 10 without a remainder; therefore ISO 
uppears to be the least common multiple af 3, &, 8, and 1 



erelore 130 ^h 



M VULGAR FRACTIONS. 

S* What is the least common multiple of 4 and 6 i 

Ans. 12. 

3. What is the least number, that 3, 4, 8, and 12 will 
measure ? Ans. 24» 

4. What is the least number, diat can be divided by the 
nine digits without a remainder? Ans* 2520» 

REDUCTION OF VULGAR FRACJCIONS. 

Seduction of Vulgar Fractions is the bringing them out 
of one form into another, in order to prepare them for the 
operations of Addition, Subtraction, &c. , 

CASE 1. 

To abbreviate or reduce fractions to their lowest terms* 

RULE.* 

Divide the terns of the given fraction by any number, 
that will divide them without a remainder, and these quo- 



* That dividing both the terms of the fraction equally by 

« 

any number whatever will give another fracdon, equal to the 
former, is evident. And if those divisions be performed as of- 
ten as can be done, or the common divisor be the greatest poS' 
sibley the terms of the resuldng fraction must be the least pos- 
uble. 

Note 1. Any number, ending with an even number or a 
Cypher, is divisible by 3. 

3. Any number, ending with 5 or 0, is divisdble by 5. 

3. If the first place of any number on the right be 0, the 
whole is divisible by 10. 

4. If the first two figures on the right of any number be di* 
visible by 4, the whole is divisible by 4. 

5. If the first three figures on the right hand of any number 
be divisible by 8 the whole s divisible by 8»^ 



\ 



VULGA.R FRACTIONS. 

uents again in the same manner; and so on till it appearif* 
that there is no number greater than 1, which will divide 
them, and the fraction will be in its lowest terms. 
Or, 
Divide both the terms of th« fmction by their greatest 
Ctunmon measure, and the quoiienta will be the terms of the 
fraction required. 

EKAMPI-EE. 

. Reduce 4*J to its lowest terms. 

(3) (2) (3) (3) (2) 
"JTS— T¥S=¥ff— 33=TB — 

Or thus : 
144)240(1 
144 




6. If the sum of the Oigits, constituting any number, be divl'j 
sible by 3, or 9, the wtiole is divisible by 3, or 9. 

r. Air prime numbers, except 3 and 5, have 1, 3, 7, or 9, is 
the place of units ; and all other numbers are composite. 

. When numbers, witli the sii;n of Addition or Subtractioo 
between Ihemi arc to be divided by any number, each of the 
-nambera must be divided. ThusllliiI£=2+4+5=I!. 



. But if the numbers have the sign of Mulliplicatio 
tbem, only one of them must be divided. Thus 



1X6 



ti between 

?xaxio 

3x6 



4 



Ans- *»'*' 



( YULGAR FRACTIONS. 

Tbetefive 48 is the ty e atest commoa meaBurc, and 

O iti"i » ^^ same as before. 

2. Redoce -^ to its least terms. Ans. yf* 

3. Reducr J4f ^ ^ lowest terms. Ans. |« 
4b Bking |4v ^ ^^ lowest terms. Am. {{• 
5« Wr*^** ^^ to its least terms. Ans. -f^* 

6. Rcdaoe j|^} to its least terms. Aos. |« 

7. Redoce j-jtt ^ ^^ lowest terms. Ans. }• 

8. Abbneviate ^VrVVrVV ^ much as possible. 

CASE 2. 

7% reduce a mixed number to its eyuroaknt improper fraction. 

RULE.* 

Multiply the whole number by the denominator of the 
fraction, and add the numerator to the product, then that 
sum written above the denominator will form the fractkv 
required* 

EXAMPLES. 

1. Reduce 27f to its equivalent improper fraction* 

27 »* 

9 



243 
2 

245 

9 






* All fractions represent a division of the numerator by the 
denominator, and are taken altogether as proper and adequate 
expressions for the quotient. Thus the quotient of 2 divided 
by 3 is ' ; whence the rule is manifest ; for if any number be 
multiplied and divided by the same number, it is evident the 
(|uotlcnt must be the same as the quantity first given. 



A 



VULGAR FRACTIONS. 



Or ^Lldf^i.^ the answer. 

!2. Reduce 183^^ to its equivalent improper fractioii* 

Ans. ^^ 

3. Reduce 514^^ to an^mproper fraction. Ans. -^yj^* 

4. Reduce 10< j^| to an improper fraction. Ana* m^^ 

5. Reduce 471141 to an improper fraction* 

CASE 3. 

To reduce an improper fraction to its equivalent whpk of 

mixed number* 

RUXE.* 

Divide the numerator by the denominator, and the quo- 
tient will be the whole or mixed number required. 

EXAMPLES. 

1. Reduce ^^y to its equivalent whole or mi^ed numbeTi* 

16)981(61^.^ 

96 . 

21 
16 

5 

Or, 

W =981-5-1 6=61^V the answer. 

2. Reduce Y to its equivalent whole or mixed number. 

Ans. /. 

3. Reduce ~f y~ to its equivalent whole or mixed num*- 
ber. Ans. 56||. 

* This rule is plainly the reverse of the former^ and has its 
r^son in the nature of common division. 



m VULGAR FRACTIONS. 

4. Reduce -14- to its equivalent -whole or mixed num* 
ber. Ans. 183^« 

5. Reduce 11-m^ to its equivalent whole or mixed num- 
ber. Ans. 120U|4|f 

CASEi^ 

To reduce a whole number to an Cfuhalent fractiony tufoing 

a g-ivpi denomifiator* 

RULE.* 

Multiply the whole number by the given denominator, 
^d place the prodi^rt over the said denomipator, and it 
will form the fraction required. 

EXAMPLES. 

t. Reduce 7 to a fraction, whose denominator shall be 9» 

7X9=63, and •^ the answer. 

And V =63-4-9=7' the proof. 

S. Reduce 13 to a fraction, whose denominator shall be 

1«. . Ans. Yt • 

3* Reduce 100 to a fraction, whose denominator shall be 

00. Ans. ^^• 

CASE 5* 

To reduce a compound fraction to an equivalent single one. 

RULE.f 

Multiply all the numeratprs together for a numerator, 
and all the denominators together for a denominator, and 
they will form the single fraction required. 

f Multiplication and Division are here equally used, and coiw 
sequently the result is the same as the quandty first proposed. 

t That a compound firaction may be represented by a single 
one is evident, ^nce a part of a part must be equal to some part 
of the whole. The truth of the rule for this reduction may b^ 
idiown as fpilow^ : 



r VULGAR FRACTIONS. M 

r part of the compound fraction be a whole or tnlxeM 
taumber, it must be reduced to a fraction by otie of the fbtW 
tner cases. 9 

When it can be done, divide any two terms of the frac-^ 
tion fy the same number, and use the quotients instead ■ 
thcraol'. 

exasipi.es. i 

I. Reduce 4 of | of 4 of -^'^ to a single fraction. M 

2>(3)(4.- H 192 16 V 

Or, I 

;.xjxsxn ~*^^^ ° ^' I 

S. Reduce f off off to a single fraction. Ans. ^M 

a. Reduce f ol | of f uf -j*^ f u a single fraction. M 

Ans. aI 

4.Tteduce -[| of -J^ of J, of 10 to a single fraction. ^M 

An.. <^S 

CASE 6. ^ 

To reduce ^fractions of different denominaturs to equivalent • 
fraclions, hatunff a common denominator. 

RCLE 1.* ' 

Multiply each numerator into all tlie denominators, ex- 



Let the compound fraction to b« reduced be ^ of ^. Then ^ 
of 4=4-^3=5^, and consetiuentiy ^ of 4=i'rX2=aV the same 
jDm by the rule, and the like will be found to be true in all cases. 

If the compound fraction consist of more numbers than 2, 
the first two maf be reduced to one, and that one and the third 
will be the same as une fractJon^Bteo numbers ; and 

' By placing the numbers nt^nffi^ properly undct one 



J 



fo VULGAR FRACTIONS. 

cepc itB own, for a new numerator ; and aH the f^rnnmiBir 
tors croitiDuaDy fcx' the common denommau>r« 

EXAMPLES. 

1. Reduce |, |, and ^ to equivalent fracdons, 
common denominator* 

1X5X7=35 the new numerator for ^ 
3x2xr=42 do. for | 

4x2Xd=40 do. for t 

2X5X7=rO ihe common denominator. 
Therefore the new f-f?uivaitnt fractions are 4f ' tt' "^ 
4}, the answer. 

2. Reduce -J, |. J, ind -^ to fractions, having a common 
denominator. Ans. ^f -J|| Jf| »4|. 

S. Reduce •?-. ^ of -J. 5^, and -^j to a c^m.non dc ucmi- 

naUjr. AUS. -yy^, ^^^ -y-^ yy^ 

4. Reduce 'J { of li, -j-*-j-, and 4- to a coui>iiOii dcnoini- 

nat/jr An«t i3««a uois isio* H44t. 

"MW^r. ADS. -jyjn^T, T«TTy^ T«^^T ifSif* 

RULE 2. 

7I9 reduce any ^iven fractions to others^ which shall have the 

least common den^minatof. 

1« Find the least common multiple of all the denominft- 



other, it will be seen, that the numerator and denominator of 
every fraction are multiplied by the very same number and con- 
sequently their values are not altered. Thus in the first ez« 
ample : 



n 



1 
2 



x5xr 



X5xr 5 



X2XT 



X3X5 



X2X5 



X2X7 7 

In the 2d rule^ the common denominator is a multiple of all 
the denominators, and consequently will divide by any of them ; 
it is thereiore manifest that proper parts may be taken for ^Q 
the numerators required. 





VULGAR FRACTIONS. 

I of the given fractions, and h will be the 
(tXMninator rcquirtd, 

. Divide the common denominator by the denomin: 
I of each fraction, and n^iilti V the quotient by the n 
tor, and the product will be the numerator of the fractioqr - 
required. 

EXANPIES. 

I. Reduce ^, |, and ^ to fractions, having the least com 
men denominator. 



6 the least common denominator. 
%hT^Xl=3 the first numerator , 6-^-3X2=4 the second n 
merator: 6-i-6XJ=5 the third numerator. 

Whence the required fractions are |^, J, ■ 

2. Reduce ^^ and -^-J to fractions, having the least com> 
fQon denominator. Ans. ||, ^J. 

3. Reduce ^, ^ ^, and f to the least common denomin 
tor. Ans. ^\. ^"j. ^'j -J 

4. Reduce J, J, f, and -j-'^ to the least common drnomi-l 
nator. Ans |» fg ^ ^ 

5. Reduce |, |, ^ J, -^J-, and ^J to equivalent fractions^ 
having the least common denomitiaCor. 

A-ns. i5, ^|, 4^ ^1 IJ. 4|J 



CASE 

Tq find the value of a fraction in 



the hnaiun partu of the ih' 1 



Multiply the numerator by the par 



: infer iM^ I 



• The numerator of a fraction may be considered aa a 
nainder, and the ilenominator as a divisor ; therefore this r 
IRS its rcanon in the nature of Compound DWUion. 



n VULGAR FRACTIONS. 

denomination, and divide the product by the denominator > 
and if any thing remain, multiply it by the next inferior de- 
nominadon, and divide by the denominator as before ; and 
8o on as far as necessary ; and the /quotients pkiced after one 
another, in their order, will be the answer i^equired. 

EXAMPLES. 

1. Wl^t i9 th^ v^ue of 4- of a shilling i 

5 

I 

12 

7)60(8d. 2|q. Ans. 
56 

4 
4 

16 
14 

2 
3* What is the value of 4 of a pound sterling ? 

Ans. 7s. 6(L 

3. What is the value of -| of a pound Troy ? 

Ans. 7oz. 4dwtt 

4. What is the value of ^ of a pound Avoirdupois ? 

Ans. 9oz. 2|^dr. 

5. What is' the value of {• of a cwt. ? 

Ans. 3qrs. 3lb. loz. 124dr« 

6. What is the value of ^'y of a mile ? 

Ans. Ifur. 16pls. 2yds. ift. O-^jVCu 

T* What is the value of |> of an ell English i 

Ans. 2qrs. 3^nls. 

9. ^What is the value of J of a tun of wine ? 

Ans. 3hhd. ^IgaL 2qt8« 



' 



K 




VULGAR FRACTIONS. T3 

9. What is the value of ^^ of a day ? 



To reduce a fraction of one denomination to that of another-, 
retaining the same vahte. 



Make a compound fraction of it, and reduce it to a single 



EXAMPLES. 

1. Reduce f of a penny to the fraction of a pound. 

-J of ^V of TV=TITTr=3TJ ^'"^ 3 

And jI^ of ^* of \ 

2. Reduce | of a fardilng to the fraction of a pound. 

Ans. y^ 

3. Reduce ■^^\, to the fraction of a penny. Ans. * 

4. Reduce J of a dwt. to the fraction of a pound Troy. 

Ana. yj,. 

5. Reduce |. of a pound Avoirdupois to the fraction ol a 
iwt Ana. 34s. 

6. Reduce ^^j of a hhd. of wine to the fraction of a 
nnt^ Ans. ^ 

7. Reduce ^^ of a month to the fraction of a day. 

Ans. ; 



• The reason of this practice is explained in die rule for r 

luciog compound fractious to single ones. 
The rule might have been distributed into two or three differ* 
it cases, but the directions here given may very easily be ap- 

llied to any question, that can be proposed iif those cases, and 

ill be more easily understood by on example or two, than by 

\ multiplicity of words. 



.A 
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8. *Reduce 7s. 3d. to the fraction of a pound. Ans. f {• 

9. Express 6fur. 16pls. to the fraction of a mile, 

Ans. |. 

ADDITION OF VULGAR FRACTIONS. 

RULE.f 

Reduce compound fractions to single ones ; mixed num- 
bers to improper fractions ; fractions of different integers 
to those of the same ; and all of them to a common denom*^ 
inator ; then the sum of the numerators, written over the 
common denominator, wiU be the sunvof the fractions re- 
quired. 

BXAICPLBB. 

1. Add 3f, ^y 4 of -I, and 7 together. 
First3|^V-|ofJ^-,Vr=|. 

Then the fractions are Vi t» ry* ^^^ t > •'•^ 

29X8X10X 1=2320 

7X8X10X 1= 560 

7X8X 8X 1= 448 

rX8X 8X10=4480 



7808 



■=12|fJ=12| the answer. 



8X8X10X1=640. 



• Thus 7s, 3d. = 87d. and 11. = 340d. .-. 5^A==|| theanswcr. 

t Fractions) before they are reduced to a common denondna* 
tor, are entirely dissimilar, and therefore cannot be incorporat- 
ed with one another ; but when they are reduced to a com*^ 
mon denominator, and made parts of the same thing, their sum 
or'Afference may then be as properly expressed by the sum or 
reference of the Btimerators, as the sum gr difference €»f Akf 






VULGAR FK ACTIONS. 



s. 


Add f , ?i, and 4 ol l togeiher. Ans. 8^ 


3. 


What is the sum of 4 * ot », and 9,V ? Ana. 10,^^. 


4. 


What is the sum ot ^'^ of t,J, ♦ of J, and 7} f 




Ans.l34fi. 


5. 


Add |l. |i. and -."j ..>i .-. p- iiry together. 1 




Ans.--,or5«.1d.t^ 


6. 


■What is the sum of • of 15l. 3»l. * of ^ of | of a 



jpound, and J of ^ of a shilling i 

Ans. 71. 17s. S^d. 

7. Add T of a yard, | of a foot, and 4 of a mile together* 

Ans. 660yd5. 2ft. 9in. 

8. Add -I of a week, J of a day, and ^ of an hour togeth- 
er. Ans. 2d. 14|lbH 

SUBTRACTION OF VULGAR FRACTIONS, ' 

RULE. 

Prepare the fractions as in Addition, and the difference 
•f the numerators, written above the common dec 
tor, will give the difference of the fractions required. 



1. From j talce f of ^■ 

••- i* — 5T = if = 7 tl^^ answer required. 
3. From -jY^ take |. Ans f jj. 

3. From 96^ take 14^. Ans. 8!^ 

4. From I4i takt f of 19. f 

5. From Jl. take Js. Am 



I 



two quantities whatever by the sum or difference of their indi- 
viduals ; whence the reason of th« rules, both for Addition and 
Sabtracdon, is manifest. 



jI 



n VULGAR FRACTIONS. 

6. From ^oz. take |dwt» Ans« lldwt. 3gr. 

f • From 7 weeks take 9fV days. Ans. 5w. 4d. 7hm 12'. 

MULTIPLICATION OF VULGAR FRACTIONS. 

RULE.* 

Reduce compound fractions to single ones, and mixed 
numbers to improper fractions ; then the product of the nu- 
merators is the numerator ; and the product of the denoini- 
Hators^ the denominator of the product required. 

S^AiCPLEB. 

U Reqiured the continued product of 2|, f , ^ of {-, and 2. 
2i-4,|off:.= gi=/^,and2=f; 

Then j^ix^Xis:^^^^^^^ =j!/x the answer. 

jgXbXlbXX • * 

^ Multiply tV by /j. Ans. ^ 

3. Multiply 4| by |. Ans. •^. 

4. Multiply ^ of 7 by |. Ans. 1 j. 

5. Multiply f of 4 by I of 3|>. Ans. ||. 

6. Multiply 4^, | of -f^ and 18^) continually together* 

An8.94iiyf 



^ Multiplication by a fraction implies the taking some part 
or parts of the multiplicand) and therefore may be truly ex- 
pressed by a compound fraction. Thus | multiplied by f is 
the same as ^ of f ; and as the directions of the rule agree with 
the method already given to reduce these fractions to singli^ 
^s^ it is shown to be right. 



VULGAR FRACTIONS. 



I DIVISION OF VULGAR FRACTIONS. 



Prepare tlie fractions as ia Multiplication ; then invert 
the divisor, and proceed exactly as in IVlulti plication. 



1. Divide 5 of 19 by | of ^. 



1X19 ^ 
i of .9=^5^=.,' 


an( 


1 


--SI- 


=4 


' 




=n 


the 


quotient i 


squired. 


a. Divide^ by f 










An., f 


3. Divide 9J by | of r. 










a™, ^h- 


4. Divide 3* by 9|. 










APS.J. 


S. Divide J by 4. 










Am. ,V 


6. Divide 1 off by 1 of 


I* 








Al15.{. 



DECIMAL FRACTIONS. 



A Decimal is a fraction, whose denominator is an unit, 
OT 1, with as many cyphers annexed, as rfie numerator has 

• The reason of the rule may be shown thus. Suppose U' 
were requiicd to divide J bj |. Now ^-r-S is manifestly ^ ©f 

of 3, .-.-J of 9, or} must be 

3X5 



J 



• 4X3 

times as often in | as 3 

^9 according to the rule ; and will be ao in all cases. 



contained 5 ^^J 
'er which^^^l 



r$ DECIMAL FRACTIONS. 

p^ces ; and is commonly expressed by writing the nume^ 
rator only, with a point before it, called the separatrt^. 

Thus, 0'5 is equal to -/^ or ^ 



25 


-A^or 


h 


0*75 


^ov 


9 


13 


II or 


ItV 


24'6 


«tV 




02 


TTT*"- 


tV- 


'0015 


xaVak or , 


s 



A Jlnite decimal is that, which ends at a certaun number 
ef places. But an infinite decimal is that, which is under- 
stood to be indefinitely conunued* 

A repeating decimal has one figure, or several figures, 

continually repeated, as far as it is found* As *d3, &c» 
which is a singk repetend. And 20*2424, &c« or 20*246246, 
&c. which are compound repetends. Repeating decimals are 
also called circulatesy or circulating' decimals* A point is 
set over a single repetend, and a point over the first and last 
figures of a compound repetend* 

The first place, next after the decimal mark, is lOth parts, 
the second is 100th parts, the third is 1000th parts, and so 
on, decreasing toward the right by lOths, or increasing to- 
ward the left by lOths, the same as whole or in^gral num- 
bers do* As in the following 



NoTE.^— A fraction is multiplied by an integer, by diviS^ 
the denominator by it, or multiplying the numerator ; and & 
vided by an integer, by dividing the numerator, or multiplying 
the denominator. 



DECIMAL FRACTIONS. 



SCALE OF NOTATIO». 



; 3 

' f 1 -3 

i 6 5 " 

1 „ 3 -a J 






^hers on the right of decimals do not alter thei 
For '5 or -jV is |. 
And 50 or ^^-^ is ^. 
And '500 or iVA '^ f 
tat cyphers before decimal figures, and after the separ 
ing point, diminish the value in a tenfold proportion for ev- 
ery cypher. 






So 
But 

And 



•005 if 

Ands. 



J 



that, in any mixed or fractional number, if the 
titting point be moved One, two, three, &c. places to the 
right, every figure will be lO, 100, 1000, &c. times greater 
than before. 

But if the point be moved toward the left, then every fig- 
ore will bt diminished in the same manner, or the whole 
itity will be divided by lO, 100, 1000, &c. 



80 DECIMAL FRACTIONS. 

ADDITION OF DECIMALS. 

a 

RULB. 

1* Set the numbers under each other according to the val- 
ue of their places, as in whole numbers, or so that the deci- 
nal points may stand each directly imder the preceding. 

2* Then add as in whole numbers, placing the decimal 
point in the sum directly under the other points* 

EXAMPLES. 

0) 

. . 7530 

16'201 
30142 
95713 
6*72819 
'03014 



8513M0353 



2. What is the sum of 276, 39*213, 72014*9, 417, 5032, 
and 2214*298 i ^ Ans. 79993*411. 

3. What is the sum of *014, *9816, *32, '15914, *72913, 
and *0047 ? ' Ans. 2*20857. 

4. What is the svun of 27*148, 918*73, 14016,294304, 
'7138, and 221*7 i Ans. 309488*2918. 

5. Required the sum of 312*984,21*3918, 2700*42, 3*153, 
27*2, and 581*06. And. 3646*2088. 

SUBTRACTION OF DECIMALS. 

RULE. 

1. Set the less number under the greater in the same 
manner as in Addition. 



DECIMAL FRACTIONS. 

k. Then subtract as in whole mimhera, and place thirl 
decimal point in the remainder directly under the othei 
pointt. 

BXAHFLEB. 

(0 

214-81 
4-WJI42 




2. From -girs subtract -2138. Ans. 'TOZSM 

3. From 2-?3 subtract 1-9185. Ana. 0-8ll5*| 

4. What is the difference between 91'713 and 407 i 

Ans. 3l5*28r. 

5. WTiat is the diflerence between 16-37 and 800'135 '/J 

Ans. 783-7*5^ 



ft 



MULTIPLICATION OF DECIMALS. 



Set down the factors under each other, and multiply 

them as in whole numbers. 

2. And from the product, toward the right point oil" a? 
many figures for decimals, as there 'are detiinal places in 
both the factors. But if there be not so m.-iny figures in tl^.f 
product as there ought to be decimals, prefix the proper j 
number of cyphers to supply the d^ittct. 



• To prore the trudi of the l-ule, let -9776 and '833 bc,t 
numberB to be multiplied ; now these are equivalent h 
aniST%'i^; whence J^^x-^=^^^^'i^*^e=^■SOi5648 bv t 
nature of Notation, and consisting of as many places 
are cyphers, that is, of as many places as are in both the nuin 
bers; and the same is true of any two numbers wliatever. 



11 



84 



BECIMAL FRACTIONS. 



Contracted. 


Common way. 1 


3M4986 


27-14986 1 


53014-29 


92-41035 1 


24434874 . 


13 


574930 


542997 


81 


44958 


108599 


2741 


986 


2715 


108599 


44 


8J 


542997 


2 


14 


24434874 { 


2508-9280 


2508-9280 | 650510 ^ 



2. Multiply 480-14936 by 2*72416, retaining four deci- \ 

mals m the product. 

Ans. 13080037, 

3. Multiply 73-8429753 by 4-628754, retaining five deci- 
mals hi the product. Ans. 341-80097. 

4. Multiply 8634*875 by 843-7527, retaining only thein- 
^tegers in the product. Ans. 7285699* 

DIVISION OF DECIMALS 



RULE.=^ 

Divide as in whole numbers ; and to know how many de- 
cimals to point off in the quotient, observe the following 
rules. 



* The reason of pointing off as many decimal places in tha 
quotient, as those in the dividend exceed thoge in the divisor) 
will easily appear ; for since the number of decimal places in 
the dividend is equal to those in the divisqr and quotient, taken 
together, by the nature of Multiplication ; it follows, that the 
quotient contains as many as the dividend exceeds the divisor* 



DECIMAL FRACTIONS. 8J 

1. Thtre must be as many decimals in the dividend, as 
)n botli the divisor and quotient ; thereluic point olF for 
jdecimals in the quotient no many figures, as die decimal 
places in the dividend exceed those in the divisor. 

2. If the figures in the quotient are not so many as the 
rule requires, supply the defect by prefixing cyphers. 

3. If the decimal places in the divisor be more than those 
in the dividend, add cyphers as decimals to the dividend, 
tin the number of decimals in the dividend be equal to those 
in the divisor, and the quotient will be integers till all these 
decimals are used. And, in case of a remainder, after all 
the figures of the dividend are used, and more figures are 
wanted in the quotient, annex cyphers to the remainder, to 
continue the division as far as necessary. 

4. The first figure of the quotient will possess the same 
•place of integers or decimals, as that figiire of the dividend, 

stands over the units place of the first product. 



EXAMPLES, 



I 
I 





> ' p ' - 

MS DECIMAL FRACTIONS. 

2. Divide 3877875 by -675. . Ang. 5745000. 

3. Divide •0081892 by •347. Ana. •0236. 

4. Divide 7*13 by •IS* Ans. 39. 

r 

CONTRACTIONS. 

J. ffthe divisor be an integer with any number of cyphers 
at the end; cut them off, and remove the decimal point io 
the dividend so many places farther to the left, as there 
were cyphers cut off, prefixing cyphers, if need be ; tl^ev 
proceed as before^ 

EKAMPLES. . 

1. Divide 953 by 21000. 21 -000) 

3>953 
7>31766 
•04538, &c. 
Here I first divide by 3, and then by 7, because 3 time^ 

7 is 21. 

• 

2. Divide 41020 by 32O00f Ans. 1«281875. 

Note. Hence, if the divisor be 1 with cyphers, the quo- 
tient will be the same figures with the dividend, having the 
decimal point so many places farther to the left, as there are 
cyphers in the divisor. 

flXAMPLES. 

217-3-^100=2-173. 419 by 10=41^9, 

5-16 by 1000="00516. ^2J by 1000=*00021, 

II. When the number of figures in the divisor is great, the 
operation may be contracted^ and the necessary number of 
decimal places obtained. 



DECIMAL FRACTIONS. ^ «7 

RULE. 

1. Having, by the 4th general rule, found what place of 
decimals or integers the first figure of the quotient wiU pos- * 
sess ; consider how many figures of the quotient will serve 
the present purpose ; then tak^ the same number of figures 
on the left of the divisor, and as many of the dividend fig- 
ures as will contain them less than ten times ; by these find 
the first figure of the quotient* 

2. And for each following figure, divide the last remain- 
der by the divisor, wanting on£ figure to the right more than 
before, but observing what miist be carried to the first pro- 
duct for such omitted figures, as in the contraction of Mul- 
tiplication;^ and continue the operation till the divisor is ex- 
hkusted* 

*3* When there are not so^many figures in the divisor, as 
^are required to be in the quotient,^ begin the division with 
aU the figures as usual, and continue it till the number of 
figures in the divisor and those remaining to be found in 
the quotient be equal ; after which use the contraction. 



EXAMPLES* 



1. Divide 2508*928065051 by 92-41035, so as to have 
four decimals in the quotient. — In this case, the quotient 
will contain six figures. Hence 






■ r--': 



w 
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Contraction. 
92*4103,5)2508-928,065051 (2M498 
1848207 



• • • • 



660721 . 
646872 

13849 • • 
9241 

4608 • • • 
3696 

912 .. . 
832 



80 

74 



Common Way. 
92*41035)2508*92806505 1 (27-1498 



1848207 



660721 
6468721 



13848 
9241 



4607 



O 

06 
45 

615 

ms 

5800 



911 
831 

79 
73 



3696(4140 



16605 
69315 



472901 
928280 

544621 



DECIMAL FRACTlbSrS. a» 

2. Divide ?3l-ir562 by 2-25r432, so that the quotient 
lay contain three decimals. Ans. 3I9-467> 

3. Divide 12'169825 by 3*14159, so that the quotient 
lay contain five decimals. Ana. 3*87377'. 

4. Divide 87-076336 by 9*365407, and let the quotient 
xmtain seven decimals; Ans. e*2976i59. 

REDUCTION OF DECIMALS. 

CASE 1. 

To reduce a vulvar fraction to its equivalent decimal. 



Divide the numerator by the denominator, annexing as 
lany byphers as are necessary ; and the quotient will bo 
lie decimal required. 



1. Reduce ■j'j to a decimal. 
4)5-000000 



6)1-250000 



■208J33, &ci 
2. Required the equivalent decimal expressions for \, ^, 
id |. Ans. -25, -5, and '7S. 



• Let the irulgar fraction, whose decimal expression is re- 
[uiredj be -^. Now since every decimal fi'action has 10, 100, 
000, See. for its denominator ; and, if two fractions be equal, 

will be, as the tienoininator of one is to its nume'ralor, so is 

tie denominator of the other to iis numerator; tlierefore 13 ; 

.nn,^ e, 7XlOOO,Scc. 7000, Sec. .,„,,.. 

: 1000, &c.: . =s =-53846, the nume- 

13 13 

Blor of the decimal required; and is t!ie same as by the nile. 
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3. What is the decimal of | ? -Ans. •375, 

4. What is the decimal of -^-j i Ans. "M 
• 5. What is the decimal ol -^^j ? Ans. -01 5625* 

6. Express -jY/j decimally. Ans. •071577, &c. 

CASE 2. 

To reduce numbers of different denominations to their eqwv- 

aknt decimal values^ 

RULE.* 

1. Write the given numbers perpendiccdarly under eaek 
other for dividends, proceeding orderly from the least to 
the greatest. 

2. Opposite to each dividend, on the left, place such a_ 
number for a divisor, as will bring it to the next superior 
name, and draw a line between them. 

3. Begin with the highest, and write the quotient of each 
cUvision as decimal parts, on the right of the dividend next 
below it ; and so on till they are all used, and the last 4iuo* 
tient will be the decimal sought. 

EXAMPLES. 

Reduce. 158. 9|d. to the decimal of a pounds 



4 
12 



3- 
9:75 



20 I 1 5-81 25 



»790625 the decimal required. 



* The reason of the rule may be explained from the first 
example ; thus, three farthings are | of a penny, which brougiA 
to ad\ecimal is '75 ; consequently 9|d. may be expressed 9*78li* 
but 9*75 is m of a penny »^i^ of a shilling, which broQgbt 
to a decimal is • 8135 ; and therefore 15s. 9id. may be express 



St 



.'i 
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2. Reduce 9s. to the decimal of a pound. Ana. '45. 

3. Reduce 19s. S^d. to die decimal of a pound. 

Ans. ■9729l6.'i 

4. Reduce lOoz. IBdwt. 16gr. to the decimal of a poui 
Troy. Ans. -911111,8 

5. Reduce 2qrs. 14lb. to the decimal of a c^vt. 

Ans. -625, &c 

6. Reduce 1 7yd. 1ft. 6m. lo the decimal of a mile. 

Ans. -00994318, Eic. 

7. Reduce 3qrs. 2nls. to the decimal of a yard. 

Ans. '873. 

8. Reduce Igal. of wine to the decimal of a hhd. 

Ans. -o'.ssri. 
S. Reduce 3bu. Ipe. to die dtcimal of a quarter. 

Ans. -4062*. 
10. Reduce JOw. 2d. to the decimal of aryeav. 

An3#^*l 972602, &c ! 



CASE 3. 



P- 



Tojindthe decimal of any numher of shiUrhjgSf pi'ncc^ and^ 
fart/iiufft by inspection. 



RULE.* 



Write half the greatest even number of stl^Btigs for tlie 
trat decimal figure, and let the farthings in thegiven pence 



sed 15-81259. In like manner 15-8125s.iB Y^Vire of a shilling 
.•=4sHB^ff ^^ 3 pouild =, by bringing it to a decimal, ■7906351, 
as by the rule. 

• The hivenlion of the rule is as follows ; as shillings are so 
nuny 20ths of a pound, half of thum must be so many lOths, 
aid Gonsequciilly take the place oi lOths in Ihe decimal ; but 
when they are odd, their half will always consist in two figui 
the first of which will be half the even number, next less, and 
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and fiithi<BH possess the second and diitd places ; observ: 
log to increase the second place by 5, if the shillings be odd ; 
md the third place by 1, when the farthings exceed 12 ; and 
hy 2y when they e^eed 35. 

^ XXAMPLXS. 

!• Find the decimal of 15s. 8|d. by inspecdcMi* 
7 =i of 14s. 
5 for the odd shilling. 
34 =farthings in 8^d* 
1 for the excess above 12. 

•785 = decimal required. / 

2. Find by inspection the decimal expression of 16s. 4|d* 
and 13s. lOii. Ans. -SIQ and ^Gdi. 

3. Value the following sums by inspection, and find their 
total, viz. 19s. ll^d.+6s. 2d. -f-12s. 8|d. + Is. 10|d.-f 
^^+ l|d. Ans. 2*042 the total 



* 



the second as 5 ; and this confirms the rule as far as it respects 

shillings. 

A^in, fiarthings are ^p many 960ths of ^ pound ; and had it 

Jiappened, that 1000, instead of 960, had made a pound, it ilk 
plain any number of farthings would have made so many thou- 
sandths, and might have taken their place in the decimal ac- 
cordingly. Qut 960, increased by ^-^ part of itself, is sslOOO; 
consequently ajny number of farthings, increased by their ^ 
part, will be an exact decimal expression for them. Whence^ 
if the number of farthings be more than 13, a ^ part is greater 
than ^, and therefore 1 must be added ; and when the number 
pf farthings is more than 36, a •^\ part is. greater than Ij^, for 
yrliki^ 2 must be added i and thus the rule is shown to be right 
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CA3£ 4. 

To Jtnd the value of any given decimal in terms of the integCT*. 

RDLZ, ' 

1, Multiply the decimal by the number of parta id die 
next less denomiDatioQ, and cut off as many places for a re> 
mainder on the right as there are places ia the given deci- 
mal. 

E. Multiply the remaind^ by the parts in the next infe- i 
nor denomination, and cut off for a remainder <as before. 

3. Proceed in this manner through all the parts of the in- I 
teger, and ilie several denominations, standing on the left|-'€ 
make the answer. 

EXAMPLES. 

1. Find the value of •3r633 of a pound. 



1-18080 Ans. rs. 6^d. 

2. What is the value of '^15 of a shilling ? Ans. 7\A. 

3. What is the value of -83229161. ? Ans. 16s. 7|d. 

4. What is the value of •6725cwt.? Ans.2qrs.I9lb. joZ(J 

5. What is the value of -67 of a league ? 

Ans. Smls. 3p1s. 1yd. Sln. lb. o( \ 

6. What is the value of -61 of a tun of wine ? 

Ans. 2hhd. srgaL 2qt. IpL 

7. What ia the value of '461 of a chaldron of coals ? 

Ana. 16bu. 2pe. , 
fi. What is the value of -42857 of a month ? 

Ans. Iw. 4d. 23h. SQ'SS",! 
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CASE 5* 

To find the value of any decimal of a pound by inspection* 

RULE. 

• « 

Double the first figure or place of tenths for shillings, and 

if the second be 5 or more than 5 reckon another shilling ; 

then call the figures in the second and third places, after 5, 

if contained, is deducted, so many farthings ; abating 1, 

when they are above twelve ; and 2, when above 36 ; and 

the result is die answer* 

EXAMPLB8. 

1. Find the value of •785U by inspection. 

14s. = double 7* 
Is. for 5 in the place of tenths. ■* 
8| = 35 farthings. 
^ for the excess of 12, abated. 

15s. 8^d. the answer. 

2. Find the value of •8751. by inspection. Ans. irs. 6d. 

3. Value the following decimals by inspection, and find 
their sum, viz. -927 + •3511. + ^2031. + •0611. + 02L + 
•0091. Ans. 11. lis. 5id. 

FEDERAL MONEY.* 

The denominations of Federal Money ^ as determined by 
an Act of Congress, Aug. 8, 1786, are in a decimal ratio ; 
and therefore may be properly introduced in this place. 
• ' ^ . ■ ■ ■ 

♦ The coins of federal money are two of gold, four of silveri 
and two of copper. The gold coins are called an eagle and 
half-eagle ; the silver, a dollar^ half-dollar y double^dimej and dime ; 
and the copper^ a cent and halfkent. The standard for g9ld 
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. which is the lowest money of accr.unt, -001 of 
dollar, which is the money unit. 
A cent is -01 Or 10 mills = 1 cent. 

A dime "1 ynarkcd i 

A dollar 1 ■ 10 cents = 1 dime, d. 

An eagle 10- 10 dimes = 1 dollar, D. 

10 dollars = eagle, E. 

and ^rer is eleven parts fine and one part alloy. The 'weight 
of fine gold in the eagle ia 246-368 grains ; of fine silver in 
the dollar, 375-64 grains ; of copper in 100 cents, 2^.1o. Avoir- 
dupois. The fine gold in the half-eagle is half the weight of 
that in the eagle ; the fine silver in the half-dollar, half the 
weight of that in the dollar, &c. The denominations less th^sx 
a dollar are expressive of their values : thus, milt is an abhrevi- 
ation oi ntiUe, a thousand, for 1000 mills are equal to I dollar ; 
tmt, t>i centum, a hundred, for 100 cents are equal to 1 dollar ; 
a tUme is the French of tithe, the tenth part, for 10 dimes are 
equal to I dollar. 

The mint-price of uncoined Eold, II parts being fine and 1 
part alloy, is 209 dollars, 7 dimes, and 7 cents per lb. Troy 
weight; and the mint-price of uncoined silver, 11 parts being 
fine and 1 \>an alloy, is 9 dollars, 9 dimes, and 3 cents, per lb. 
Troy. , 

In Mr. Pike's " Complete System of Arithmetic," may bsj 
Been " Rulss for reducing ihe^fedeval Coin, and the CurreD* 
cies of the several United States ; also English, Irish, Canada, 
Nova Scotia, Livres Tournois,- and Spanish milted dollars, 
each to the fiar of all the otiicra." It may he sufficient here to 
diserve respicUng the currencies of the several States, that a 
dollar is equal to 6s. in New-England and Virginia ; 8s. in 
New-York anil North-Carolina; 7b. 6d. in New-Jersey, Penn- 
syWanii), Delaware, aud Maryland j and 4s. 8d. in South-Car- 
«Una and Georgia. 

The English standard for gold is 33 carats of fine gold, 
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754 doUaii,«ra 

^inllnt- ic .IKS ' 



A number of doUai-s, as 754, may be read 754 d 
75 eagles, 4 dollars ; and decimal parts of a dollar, as '36$, 
may be read 3 dimes, 6 cents, 5 mills, or 36 cents, 5 millB, 
or 365 mills ; and others in a similar manner. 

Addition, Subtraction, Mvltiplication, and Division of fed- 
eral money are performed j ust as in decimal fractions ; aod 
consequently with more ease than in any other kind of mo- 
ney. 

KX A UP LBS. 



1. Add 2 dollars, 4 dimes, 6 cents, 
SD. 5c. rra., 3c. 9m., ID. 2d. 8c. 


4D.2d.,4d., 9c.,lE. 
Im., and 3E. 4D. 7d. 


8c 3m. together. 
E. D. d.c.m. 


(2) 
E.D. d.c.m 




(3) 
E. D. d-cm. 


S • 4 6 


3 4- • 1 2 3 




3 0-671 


4 ■ 2 


1-17 8 




3-123 


■ 3 9 


7 8-001 




4-567 


13-057 


1 ■ 7 




■o« 


- 3 9 


■ 3 2 




7 ■ 3-H 


1-281 


6 1 -789 




7-ia 


3 4 • 7 8 2 


6-341 




s.^a 


4 6-309 Ans. 




1 









S carats of copper, which is the same as 1 1 pans fine and 1 
part alloy. The English standard for silver is 18oz. Sdwt. of 
fine silver, and ISdwt. of copper; so that the proportion of al- 
loy in their silver is less than in their gold. When either 
gold or silver is finer or coarser than standard, the variation 
from standard is estimated by carats and grains of a carat in 
gold, and by penny-weights in silver. Alloy is used in gold 
and silver to harden them. 

NoTB- — Carat is not any certain weight or quantity, hut j'j of 
«ny weight or quantity ; and the minters and goldsmiths diri^_ 
it into * equal parts, called srmjM of a carat. 
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sr 



(4) (5) (6) 

£• D* (L c* m* £• D* d« c« m* D« cU c* m* 

Prom 32*178 rO'pOO 2*65^ 

Subtract ir»289 r-813 -0/ 



Remam. 14-889 



*f. Multiply 3D. 4d. 5c. Im. by ip. 2cU 3c. 2in. 
D. 

3*451 Note. The figures after 

1*232 or on the right of miltt are 



6902 


^ 


10353 




6902 




3451 




4*251 632=4-251 ^VVy Ans. 




D. D. 


D. 


8. Multiply 6.34r by 4*532. 


Ans. 28*764604. 


D. D. 


D. . 


9. Multiply 71*012 by 3*703. 


Ans. 262*957436. 


D 


D. 


10. Multiply 806*222f by 9 


Ans. 7256. 


D. D.. 




11. Divide 4*251632 by 1*232. 




1-232)4 251632(3*451 Answer. 




3696 




5556 




4928 




6283 


• 

• 


6160 




1232 




1232 





13 



\ ■ ■ 
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D. 

12. Divide 20D. by 2000. Ans. OOl. 

D. 

13. Divide 72560. by 9. Ans. 806*222f 
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CIRCULATING DECIMALS. 

It has ab^ady been observed, that when an infinite deci- 
mal repeat^ always one figure, it is a single repetend; and 
when more than one, a compound repetend ; also that a 
point is set over a single repetend, and a point over the first 
and last figures of a compound repetend. 

It may be farther observed, that when other decimal fig- 
ures precede a repetend in any number, it is called a mixed 

repetend: as •23, or •104123 ; otherwise it is a pure^ or 

• • • 

simpkj repetend: as •3 and •123. 

Similar repetends begin at the same place : as -3 and *6, 
or 1-341 and 2*156. 

Dissimilar repetends beg^n at different places : as "353 and 
•4752. 

w 

Conterminous repetends end at the same place : as •ISS 

* . 
and •OOQ. 

Similar and conterminous repetends begin and end at the 

• • • • 

same place : as 2*9104 and OQIS. 
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REDUCTION OF CIRCULATING DECIMALS. 

CASE J. 

To reduce a simple repetend to its et/vivaleiit vtdgar fraction. 

RULE.* 

1. Make ihe given decimal the numerator, and let the 
Idenominator be a number, consisting of m many nines as 
there are recurring places in the repetend. 

, 2. If there be integral figures in the circulate, as many 
[cyphers must be annexed to the tiumeraior, as the highest 
3)lace of the repetend is distant from the decimal point. 

^^^Btiquired the least vulgar fractions equal to '6 and '123. 
r^ •6=1-1 ; and •12y=|||=3Y^ Ans. 

2. Reduce -3 to its equivalent vulgar fraction. Ans. -J. 



EXAMPLES. 



If unity, with cyphers annexed, be divided by 9 ad infini- 
(am, the quotient will be I continually ; i. e. \{\ be reduced tq 
a decimal, it will produce the circulate ■ 1 ; and since ■ 1 is the 
{decimal equivalent to \^ -2 will=|, '3=|, and so on till -9=^ 

Therefore every single rcpclend is equal to a vulgar fraction^ 1 
vhoae numerator ia the repeuung fii.urc and denominator 9, 
Aguin,,'^, or -545. being reduced to decimals, makes -0 1010 1, 

'Ice. or -OOIOOl, incad infinitum=-0\ or 001 ; that is, -^u 

*01, and ^,=-001; consequently -^si'03, ^=-03, kc. and4 

fif I3-002, ^=003, &c. and the same will hold universally. 



1«0 DECIMAL FRACTIONS. 

* 

3. Reduce 1«62 to its equivalent vulgar fracticMi* 

Ans. VW- 

4* Required the least vulgar fraction equal to *7'6923a 

Ans. }f 

CASE 2. 

To reduce a mixed repetend to its equivaknt xmlgnr fraction, 

RULE.* 

1. To as many nines as there are figures in the repetend^ 
annex as many cyphers as there are finite places, for a der 
nominaior. 

2. Mviltiply the nines in the said denominator by the fi- 
nite part, and add the repeating decimal to the product, for 
the numerator. 

3. if the repetend begin in some integral place, the finite 
value of the circulaung part must be added to the finite 
part. 

EXAMPLES. 

1. What is the vulgar fraction equivalent to •1S8 ? 
9x13+8=125= numerator, and 900= the denomina- 

tor; .•. •138:=4tt •/t ^^ answer. 



* In like manner for a mixed circulate ; consider it as divis* 
ible into its finite and circulating parts, and the same principle 
ivill be seen to run through them also : thus, the mixed circu- 
late *16 is diyisible into the finite decimal *1, and th^ repetend 

• • • 

*06 ; but * 1 B J^, and 06 would be s=|, provided the circulatl6ii 

began immediately after the place of units ; but as it begins af- ^ 
ter the place of tens, it is f of -xV=^9 ^^ ^ ^he vulgar fracf 

tion a-16i&-^^4-^s^-|-^s|i,and is the sameasbythp 
role. 



'} 
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S> WhKt is the least vulgar fraction equivalent to *53 i 

Ans. -^ 

3. What is the least vulgar fraction equal to -5925 ? 

An.. Jf . 

4. What is the least vulgar fraction equal to -OOS+sriaa t 

Alls. ^f,.. 

5. What is the fiuite number equivalent to 31 -62? 

An>. 3144. 

CASE 3. 

To make any number ofdissimUar repetends similar and 
conterminous, 

RULE.* 

Change them into other repetends, which shall each con» 
aist of as many figures as the least common multiple of the ' 
several numbers of places, found in all the repetends, con- 
tains units. 

EXAMPLES. 

1. Dissimilar. Made similar and conterminous. 



9-814 


= 


9-81481481 


1-5 


= 


1 -50000000 


87*26 


= 


87--26G66666 


•084 


= 


■08333333 ^ 


124-09 


= 


12-t-09090909 



■ Any given repetend whatever, whether single, compound, 
pure, or mixed, may be transformed into another repetend, that 
Bhall consist of an equal or greater number of figures at pleas- 
ure : thus --4 may be transronned to -44, or -444, or -44, 
Also-s7=-sr57=s75r=-57s ; and so on; which is too evi»l 
dent to need any further demonstratiou. 
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• • • 

2» Make *3, •27 and *045 similar and conterminous. 
•■ •••• •■ 

3. Make -32 1, *8262, OS and *0902 similar and conter* 

minous.^ 

• • ■ • • 

4. Make *521/, 3*643 and 17*123 similar and contermi- 

nous. « 

CASB 4. 

Tojind -whether the decimal fraction^ equal to a given vulvar 
onfy he finite or infinite^ and of how many places the repe* 
tend will consist. 

RULE.* 

1 . Reduce the given fraction to its least terms, and di- 
vide the denominator by 2, 5, or 10, as often as possible. 

* In dividing 1*0000, Sec. by any prime number whatever, 
except 2 or 5, the figures in the ^otient will begin to repeat 
as soon as the remainder is 1. And since 9999, Sec. is less than 
10000, &c. by 1, therefore 9999, &c. divided by any number 
whatever will leave for a remainder, when the repeating fig- 
ures are at their period. Now whatever number of repeadng 
figures we have, when the dividend is 1, there will be exactly 
the same number, when the dividend is any other number 
whatever. For the product of any circulating number, by any 
other given number, will consist of the same number of repeat- 
ing figures as before. Thus, let '507650765076, &c. be a cir- 
culate, whose repeating part is 507*6. Now every repetend 
(5076) being equally multiplied, must produce the same pro- 
duct. For though these products will consist of more places, 
yet the overplus in each, being alike, will be carried to the next) 
by which means each -product will be equally increased, and 
consequently every four places will continue alike. And the 
s^me will hold for any other number whatever* 
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e whole denominator 

decimal will be finite, 

ices, as you perform divisions. 



inish in dividing by 2, 5, 



and will consist of si 



many I 



f<sr 

I pla< 

I 3. If it do not so vanish, divide 9999, &c. by the result, ' 
till nothing remain, and the number of 9s used will show the 
number of places in the repetend ; which will begin after si 

' tnany places of figures, as there were lOa, 2s, or 5s, used in 

' dinding. 

EXAUP£.ES. 

f 1. Required to find whether the decimal equal to ■j-tjV 
be finite or infinite ; and if infinite, how many places the 
repetcnd will consist of. 

2 2 2 

•i I 2 I 1 ; therefore the decimal la 



finite, and consists of 4 pi: 

I S. Let -j'^ be the fraction proposed. 

I 3. Let 4 bp the fraction proposed. 

4. Let xs-i be the fraction proposed. 

5. Let jj^f be the fractiou proposed. 



ADDITION OF CIRCULATING DECIMALS. 



1. Make the repetends similar and conterminous, and 
ifind their sum as in common Addition. 

I Now hence it appears, that the dividend may be altered at 
mteaBurB, and the number of places in the repetend will still be 
me same: thus ^=-09, and ^, or ^x3=-2)', where the 
dumber of places in each is alike, and the same will be true 
in all cases. 

" These rules ate both evident from what has been awd in 
reduction. 
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2. Dmde this sum hy as many nines as there are places 
in the repetend, and the remainder is the repetend of die 
sum ; which must be set under the figures added, widi cy- 
phers on the left, when it has not so many places as the re- 
petends* 

3. Cany the quotient of tfiis dirinon to Ae next cohauy 
and pxx)ceed witn the rest as in finite decimaliu 






^ > 



1. Let 3*6+r8«34r6+r35-3+3r5+-2r+18r«4 be added 
togetfeerw 

Dissimilar* Similar and conterminous. 

3-6 = 3*6666666 

78-3476 = 78*3476476 

735-3 = 735-3333333 

375- 5= 3750600006 

•27 = 0-2727272 

1874 = 187^4444444 



1380-0648193 the sum. 
In this question, the sum of the repetends is 2648191, 
which, divided by 999999, gives 2 to cany, and Aeremam- 

der is 648193. 

*. 

S. Let 5391*357+72*38+187-2i-t4*2965-f217*8496-f 
48*17&f •523-i-58*30048 be added togedier. 

Ans. 5974*10371. 
3. Add 9-8144.1*54ar-26+*083+124O9 togedier. 

Ans. 222<7557339a 



DECIMAL FRACTIONS. 



. Add 162+134-O9+2*03+i;r'26+3-!'6923O+99'O83+ 
i'S+'BH together. Ans. 501-6265107?. 

SUBTRACTION OF CIRCULATING DECIMALS. 



Make the repetenda similar and conterminous, and sub- 
fc-act as usual ; observing, that, if the repetend of the subtra- 
hend be greater than the repetend of (he minuend, then the 
figure of the remainder on the right must be less by unity, 
than it would be, if the expressions were finite. 

EXAMPLES. 

1. From 85-62 take 13*76432. 

85-62 = 85-62626 
13-76432 = ia-r6433 



71*86193 tlie difference. 

2. From 476-32 take 84-7697. Ana. 391'5524. 

3. From 3-8564 Wke -0383. Ans. 3-81. 

Multiplication of circulating decimai.s. 



Turn both the terms into their equivalent vulgar frac- 
dons, and find the product of those fractions as usual. 
2. Turn the vulgar fraction, expressing the product, into 
equivalent decimal, and it will be the product required. 



L 



106 DECIMAL PRACTIONS- 

EXAHPLES. 



1. Multiply '36 by '25. 






t 

• « 

^X||=Vtv='^2^ the product. 

• • • 

2« Multiply 37*23 by •26. Ans. 9*928. 

» 
• • • • 

3. Multiply 85/4-3 by 87-5. Ans, 750730*518. 

4. Multiply 3*973 by 8. Ads. 31*791. 

5. Multiply 49640*54 by •70503. Aoik '34998^199003. 

6. Multiply 3*145 by 4*297. Ans. 13*5169533. 

DIVISION OF CIRCULATING DECIMALS, r 

RULE* 

1. Change both the divisor and di^dend into their eqmv- 
alent vulgar fractions, and find their quotient as usuaL 

2* Turn the vulgar fraction, expressing the quotient, into 
its equivalent decimal, and it will be the quotient required. 



EXAMPLES. 



!• Divide -36 by -25. 

Tr-Hf=TT x1t=ttt=1 1H=1 ^«29a4901 1 857707509881 
the quotient. 

%. Divide 319*2800ni2 by 764*5. Ans. •4176325. 

3* Divide 234*6 by •r. Ans. 301*714285. 

4. Divide 13*51695^ by 4*297. Ans. 3*145. 



PROPORTION. 



PROPORTION IN GENERAL. 



Nt 



UMBERS are compared together to discover the 
relations they have to each olher. 

There must be two numliers to form a comparison ; the 
number, which is compared, being ■written first, is called the 
antevedent ; and that, to which it is compared, the consequent. 
Thus of ihese numbers, 2 : 4 : : 3 : 6. 2 and 3 arc called the 
antecedents ; and 4 and 6, the consequents. 

Numbers are compared to each other two different ways ; 
me comparison considers the difference of the two niimbera, 
Bnd is called arithmetical relation , the difference being some- 
limes named the orithmetkal ratio j and the other cousid- 
tea their quotient, and is termed geometrical relation^ and the 
Quotient (he geometrKal ratio. So of these numbers 6 and 
3, the difference or arithmetical ratio is 6 — 3 or 3 ; and the 
geometrical ratio is \ or 2. 

If two or more couplets of niimbi-i-s have equal ratios, of 
differences, the equality is named propo}tion; and their 
terms similarly posited, that is, either all the greater, or all 
die less, taken as antecedents, and the rest as consequents, 
are called proportionals. So the two couplets 2, 4, and 6, 8, 
taken thus, 2, 4, 6, 8, or thus 4, 2, 8, 6, are arithmetical 
proportionals ( and the couplets 2, 4, and 8, i6, taken thus, 
2, 4, 8, 16, or thus, 4, 2, 16, 8, are geometrical proportion- 



• In geometrical proportionals a colon is placed between the 
terms of eacli couplet,' and a double colon between the couplets; 
in arUhmelioul proportionals a colon may be inrned horizontal- 
ly between the tenma of each couplet, and two colons written 
between the couplets. Thus the above geometrical propoi 
tionals ore written thus, S : 4 : : 8 : 16, and 4:3:: 16 ; 8 ; 
u'ithmeiical, 2 ■■ 4 :: 6 ■■ 8, and 4 ■• 2 : : 8 •• 6. 
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100 PROPORTION. 

Proportion is distinguished into continued and discontm 
ued. If, of several couplets of proportionals . written in a 
series, the diiFerence or ratio of each consequent and the anr 
jtecedent of the next following couplet be the same as the 
common difference or ratio gf the couplets, the proportioQ 
as said to \m continued^ and the numbers themselvfes a series 
of continued' arithmetical or geometrical proportionak. So 
2t 4, 6, 8, form an arithmetical progression ; for 4— 2=6— r 
^c=8 — 6=2; and 2,4,8; 16, a geometrical progression; 

for 4=-J=V=2. 

Put if the differehce or ratio of the consequent of one 
couplet and the antecedent of the next couplet be not the 
same as the common difference or ratio of the couplets, the 
proportion is said tp be discontinued. So 4, 2, 8, 6, are in 
discontinued arithmetical proportion ; for 4—2=8—6=2, 
but 8 — 2=6 ; also 4, 2, 16, 8, are in discontinued geometri' 
cal proportion ; for } -V*=2» ^^^ V —S* 

Four numbers are directly proportional^ when the ratio 
of the first to the second is the same, as that of the third to 
the fourth. As 2 : 4 : : 3 : 6* Four numbers are said to 
be reciprocally^ or inversely proportional^ when the first is 
to the second, as the fourth is to the third, and vice vtrso* 
Thus, 2, 6, 9, apd 3, are reciprocal proportionals ; 2:6:: 

Three or four numbers are said to be in harmonkcal 
proportion^ when, in the former case, the difference of die 
first and second is to the difference of the second and third, 
as the first is to the third ; and, in the latter, when the 
difference of the first and second i§ to the difference of the 
third and fourth, as the first is to the fourth. Thus, 2, 3, 
and 6 ; and 3, 4, 6, and 9, are harmonical proportionals \ 
for 3 — ^2=1 : 6—3=3 : : 2 : 6 ; and 4 — 3=1 : 9—6=3 : : 
3:9. 



■/ 



?^ 



PROPORTION. 109 

Of four arithmetical proportionals the sum of the ex- 

itremes is equal to the sum of the means. =^ Thus of 2 »• 4 

: : 6 •• 8 the sum of the extremes (2+8)= the sum of the 

means (4+6)=10. Therefore, of three arithmetical pro* 

portionals, the sum of the extremes is double the mean. 

Of four geometrical proportionals, the product of the ex- 
tremes is equal to the product of the means, f Thus, of 2 : 
4 : : 8 ; 16, the product of the extremes (2x16) is equal to 
the product of the means (4>x 8)=32. Therefore of three 
geometrical proportionals, the product of the extremes is 
eqvial to the square of the mean. 

Hence it is easily seen, that either extreme of four geo- 
metrical proportionals is equal to the product of the means 
divided by the other extreme ; and that either mean 1$ 
equal to the product of the extremes divided by the other 
mean. 



♦ Demonstration. Let the four arithmetical proportionals 
be Jij By C, Z), ^viz. A'^B II C" D : then, A^^B^C-^D^ and 
B+D being added to both sides of the equation, A^^B-^-B^ 
D^C-^n+B+n ; that is, A'\-D the sum of the extremes 
= C+^ the sum of the means. — And three Ay By C, may be 
thus expressed,^ •• B :i B " Cs therefore A+Cs=B-^-B =2 B^ 

Q. E. D. 

t Demonstratioh. Let the proportion be A z B :: C i D^ 

A C 

and let -=-= r ; then A^s^Bvy and C^^Dr ; multiply the for- 

mer of these equations by Dy and the latter by B; then ADss 
BrDy and CB=zDrBy and consequently AD the product of the 
extremes is equal to BC the product of the means.— And three 
may be thus expressed^ AiBiiBiCy therefore ACssiBxB 
;=rB^ Q. E. D. 



no SINGLE RULE OF THREE. 



1 

• 



SIMPLE PROPORTION, or RULE OF THREE. 

The Rule of Three is that, by which ^ number is found, 
baving to a given number the same ratio, which is between 
two other given numbers. For this reason it is sometimes 
named xh&^ult of Proportion. 

It is called the Rult of Three^ because in each of its ques- 
tions dicre are given three numbers at least. And because 
of its excellent and extensive use, it is often named the Gold- 
tn RuJz'. 

RULE.* 

1 • \Wite the number, which is of the same kind with die 
answer or number required. 



* Demonstration. The following obsenrations taken col* 
Icctlvcly, form a demonstration of the rule, and of the reduc* 
Uons mentioned in the notes subsequent to it. 

1. There con be comparison or ratio between two numbers, 
only when they are con^dered abstractly, or as applied to things 
of the same kind, so that one can, in a proper sense, be contain- 
ed in the other. Thus there can be no comparison between % 
men and 4 i!avs ; but there mav be between 2 and 4. and be- 
tween 2 davs and 4 davs^ or 3 men and 4 men. Therefore, the 
!l of the S given numbers^ that are of the same kind, that is, 
the first and the thirds when they are stated accor^g to the 
rule^ are to be compared together, and their ratio is equal to 
that^ required between the remjining or second number and 
the fourth or answer, 

«. Tliough numbers of the same kind, being either of the 
same or of different ^nominations, have a real ratio, yet this 
ratio is the same as that of the two numbers taken alistractly, 
«dy >i hen they are of the same denomination. Tftus the ra- 
tio of IL to ^K is the sjimc as that of 1 to 3 ^ ; Is. has a real 
ratio to 31. but i; is not the ratio of i to 3 ; it is the ratio of Is. 



* 



SINGLE RULE OF THREE. 

2. Consider whether the answer oiiglit to he greater or * 
BS thiui this number; if jjrtuttr, write thu greater of the 



403. that is, of 1 to 40 =^-^. Therefore, 33 the first ant 
iiird numbers haTc the ratio, that ia required between the ee- 
und and answer, ihej must, if not of the same denomination, 
reduced to it ; and then their ratio is that of the ;ib;itract 
lumbers. 

3. The product of the extremes of four geometrical propor- 
tionals is equal lo the product of the means ; hence, if the pro- 
duct of two iiumbers he equal to the product of two other num- 
bers, the four numbers are proportionals ; and if the product of 
two numbers be divided Ly a [bird, the quotient will he a fourth 
iportional to those three numbers. Now as ihe question is 
fesolTable into this, viz. to find a number of the s.-ime kind as 
the second in the statement, and having the same ratio to it, 
that the greater of the other two hus to the less, or the less has 
iothe greater ; and as these two, being of the same dcnomina- 
tion, may be considered as abstract numbers ; it pluinlj follows, 
that the fourth number or answer is truly lound by multiplying 
.tee second by one of the other two, and dividing the product 
by that which remains. 

It is very evirlent, that, if the answer must be greater than 
the seconil number, the greater of the other two numbers must 
Ik the multiplier, and may' occupy the third pliice ; hut) if kss, 
ithe less number must he the multiplier, 

The reduction of the second number is only performed' 
for convenience in the subsequent multiplication and division, 
and not to produce an abstract number. The reason of the re* 
:duction of the quotient, of the remainder after division, and of' 
the pivKluct of the second and tliird terms, when it cannot he 
divided by the first is obvious. 

6. If the second and third numbers be multiplied togciher. 
and the product be divided by the lirst ; it is t^vK'iT.t, that 
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SINGLE RULE OF THREE. 

3 remaining numbers on the right of it for the third, ino I 
the other on the left for the first number or term ; but if U 



answer remains ilie same, wliclhcr the number compared with 
the first be in the accond or third place. 

Thus is the proposed demonstration completed. 

There are four other methods of operation beside the gene* 
ral one given above, any of which, when applicable, perfDcnit 
the work much more concisely. They are these : 

1. Divide the second leroi by the first, multiply the qiiolicDt 
by tbe third, and the product will be the answer. 

2, Divide the third term by the first, multiply the quotient 
by the second, and the product will be the answer. ' 

3. Divide the first term by the second, divide the third by' 
the qtiodent, and the lust quotient will be the answer. 

4, Divide the first term by the third, divide the second by 
tbe quotient, and the last quotient will be the answer. 

Tiie general rule above given is equivalent to those, which 
are usually given in the direct and inverse rules of three, urf 
which are here subjoined. 

The RULE OF THKEK DiK.ecT teachcs, hy having three nuiS'' 
bers given, to find a fourth, that shall have the same proportioK 
to the third, as the second has to the first. 



1. State the question ; that is, place the numbers so, that 
the first and third may be the terms of supposition and demnndi 
the second of the same kind with the answer required. 

3. Bring the first and third numbers into the same de* 
nomination, and (he second into the lowest name mentioned. 

3. Multiply the second and third numbers together, and <Ii* 
vide the product by the first, and the quotient will be the answer 
to the question, in the same denomination you left the second 
lumber in; which may be brought into any other denomina- 

n required. 




SINGLE RULE OF THREE. 

write the less of the two rcmaioing numbers ia the third 
place, and the other in the first. 



If 34lb. of raisins cost Os. 6d. 
weighing net 3qrs. 13lb. ? 

311b. : 6s. en. -. -. 18 frails, each 3qn. 181b. 
13 38 



1 



hat will 13 frails cost, each 



78 

U6SS 
1=833 

13) 

44)U3308 C 3967 



333 
160 



3,0)49,r 3 



16: 



!is. 241. ITS. 3d. {^Si. 17 3 

3 founded on this obvious principle, that the mag- 
mtude or quantity of any effect varies constantly in proportioa 
to the varying part of the cause : thus the quantity of goods 
bought is in proportion to the money hid out i the space gone 
over by an uniform motion is in proportion to thi 
The truth of the rule, as applied to ordinary inquiries, may be 
made very evident by attending only to the principles of Com» 
pound Multiplication and Division. It is shown in Multiplica- 
tion of money, that the price of one. multiplied by the quanti- 
ty, 19 the price of the whole ; and in Division, that the price 



Ij 



eof ^^ 
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I U SINGLE RULE OF THREE. 

3. MuUiply tlw; second and third lerins together, divide 
tlic product ljy the fust, and the quutieni will be the answw. i 



the whole, divideti hj the quantuy ia the price of one, NoWi 
' in all cascb of valuing goodS) kr.. wltcre one is tlie first termoE 
(he proportion, it is pb5n, that the answer, Tound by this rule, 
jvill be the same Hs thut Tound by Multiplication or money ;iuul 
where one is the last term of thepropurtion, it will be the same 
as that found by the Division of noney. In like manner, if the 
first term be any number whatever, it is plain, thai the pmdacl 
of (he second and third terms will be greater than the true n- 
swcr required by as much as the price in the second terra ex- 
ceeds the price of one, or as the first term exceeds no uiuti 
Consequently this product divided by tbc first term will giw 
(he true answer required, and is the rule. 
' There will sometimes be difficulty in separating the parts of 
complicated questions, where two or more siatings are requir- 
ed, and in preparing the questions for slating, or after ttpco- 
portion is wrought ; but as there can be no general directioW 
given for the management of these cases, it must be left to the 
judgment and experience of the learner. 

The HULE OF TiiRBE INVERSE tcaches, by having three 
numbers given to find a fourtli, that shall have the same pw 
portion to the second, as the first has to the third. 

If morf require more, or Jess require /ess, the quesuon be* 
longs to the Rule of Three Direct. 

Hut if more require las, or /ess require more, it belongs to 
the Rule of Three Inverse. 

NoTB, The meaning of these phrases, " if more require more, 
less require lets," &C. is to lie undci'stood thus : more requires 
mare, when the third tenii is greater than the first, and requires 
the fourth to be greater than the second ; more requires leu, 
when the third term is greater than the first, and requires the 
fourth 10 be less than the second ; leu requires more, ^ 




SINGLE HULE OF THREE. 



Note 1. It i 
anil divide a& h 



most convenient to miili'iply 
ipoiind MuUiplica^on and Division; 



third term is less than the first, and requires tlie fourth to be 
greater than tlic second ; and icaa requires /fs». when ihc ihii-d 
term is less than the first, and requires the fourtli to be less than 
the second. 



I. State and reduce the terms as in the rule of three direct, 

3. Multiply the first and second terms together, and divide 

dieir product by the third, and the quoiieni is the answer to ilie 

quenjon, in the same denomination you left the second number 



The I 
inverse,! 



.ethod of proof, whether the pfoporiion be direi 
I by inverting the question. 



AVhat quantity of shallooO) that is three quarters of a yard 
Hde, will line 7^ yards of clolh, that is 1^ yai-d wide I 



lyd. Sqrs. : Tyds. 2qrs. : : 3qrs 



I 



15 yards, the answer. 
, The reason of this rule maybe explained from the principles 
f Compound MulUplication and Division, in the same manner 
B the direct rule. For examfile ; If 6 men can do a piece of 
rork in 10 days, in how many days will 12 men do it ? 
As 6 men ; 10 days : : 13 meti: =s5 iivi/s,the answer. 




SINGLE RULE OF THREE. 



md sometirDes k is expedient to multiply and divide kc- 
cording 'to the rules of rulgar or decimal fnctkiOk But 
when neither of these modes is adopted, redact the com. 
pound terms, each to die lowest denomination mentioned in 
it, ana the first and third to the same denomination ; then 
vJ3i the answer be of Ae same denominauon with the second 
term. And the answer may afterward be brought U) ai^ 
denomination required. 

Note 2. VVhen there is a remainder after division, re- 
duce it to the denomination next below the last quotienti 
and divide by the same divisor, so shall the quotient be sD 
many of the said next denominarion ; proceed thus, as long 
as there h any remainder, till it is reduced to the lowest de* 
nomination, and all the quotients together will be the answa> 
And when the product of the second and thiid terms cannot 
he divided by the first, consider that product as a remain- 
der after division, and proceed to i educe and divide itia 
the same manner. 

Note 3. If the first term and either the second or third 
can be divided by any number without a remainder, let 
them be divided, and the quotient used instead of them. 

Hired and inverse proportion arc properly only parts of 
the same general rule, and are both included in the preced- 
ing. 

Two or more statings are sometimes necessary, which 
mi^ always be known from the nature of the question> 

The method of proof is by inverting the question. 



And here the product of tlie first and second terms, that it, S 
dmes 10, or 60, is evidently the time, in whiclf one man would 
perform the work ; therefore 12 men will do it in one twelfth 
part of that time, or 5 days ; and this reasoning is applicable U 
■ny other instance whatever. 




SINGLE RULE OF THREE. 

EXAMPLES. 

X. Let it be proposed to find the value of 14oz. 8<Iwt.4 
£oLd, at 3\. 199. lid. an ounce. 

oz. _^. s. d. oz. dwt. 



959 
288 

7672 
7672 
1918 

2,0)27619,2 

I3809J5 pence, or 

12)l3809d. 2,»tt(]. 

2,0)I15,0S. 9d. 2,°5q. 

Ans. 571. 10s. 9d. Sj^jq. 
Explanation. The three terms being stated by the g 
eral rule, as above, the second term is reduced ( 
and the third to penny-weights, these being their lowea 
denominations, as directed in the first note. The first ten 
is also reduced to dwts. that it may agree with the third, by ' 
the same note. The second term is then multiplied by the 
third, and the product divided by the first, according to the 
general rule, when the answer comes out 13809 pence, 
12 remaining ; which remainder being reduced to farthingi 
and these divided by the same divisor 20, by the secont 
note, the quotient is 2 farthings, 8 remaining. Lasdy, 
pence are divided by 12, to reduce them to shillings, 
these again by 20 for pounds ; when the final sum com 
out 571. 10s. Sd. 2q. for the answer. 



118 SINGLE RULE OF THREE. 

2. How much of that in length which is 4^ inches bios 
will make a square foot ? 

Breadth. Length. Breadth. 
4 '5 : 12 : : 12 : 

12 

— in. 
4«5)l44"0(32=2f. Sin. the answer. 

135 



90 
90 



3. At lO^d. per lb. what is the value of a firki^'of butte 
containing 561b. i 

lb. d. q. lb. 

1 : 10 2 : : 56 : 
56=8X7 8 



lb. 



1 

T 





7 







7 




£2 


9 





the 


answer. 






Or thus : 




d. 


d. 




lb. 




10|= 


V 


• < 

• 1 


V 


• 
• 



y XY= -V-*=^88d=49s.=2l. 9s. as before. 

Or thus : 
lb. d. lb. 

1 : 10 '5 : : 56 : 

10-5 



280 
560 



12)588*0 
2,0)4,9 
£2 9 as before. 



■r-^. "^*^i.. 
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Sm%LE RULE OF THREE. 1» 

4i^\W§r'€S-9, yard cost ^\ of a pound, what will -^ of an 



dl cest ? 
First I of a yard = I of 4 of |=^^*^*-|« of aneU. 

Then j^feU: Vt^* - -^«I1> . 

2 3 

=9s. 8d« ^ the answer. 

5. If I of a yard cost f of a pound, what will ^ of an 
Esglish ell cost i 

I = '375 
4 = -41. 

»ell=^Vyd-= '^l^S 
•375yd. : -41. :: •3125yd. : 
•3125 



•3r5)*12500(*333, &c.=68. 8d. the answer. 
1125 



1250 
1125 

1250 
1125 

125 

6. What is the value of a cwt. of sugar at 5|d« per lb. ? 

Ans. 21. lis. 4d. 

7. What is the value of a chaldron of coals at li-^d. per 
bushel ? Ans. 11. 14s. 6d. 

8. What is the value of a pipe of wine at ip|d. per pint ? 

Ans. 44L 2s. 

9. At 3l. 9s. per cwt. what is the value of a pack of wool, 
weighing 2cwt. 2qrs. 1 3lb. Ans* 91. 6d. 7^^. 



kao SINGLE RULE OF THREE. 

la What ia die valoe of l^cwt. of coffiee it S^i^fti 
ounce ? " Anb 6lL tlfc 

1 1. Bought 3 casks of nii.srn.% each weighmg 2cwt» Sqn. 
25lb- what will chey come to ac :2L Is. Sd. per cwt. ^ 

12. What IS the Tabe of 2qn. loL of Telvct at 19s. &^ 
per English ell : Aos. 8s. IC^ jj. 

13. Bought 13 pockets of hops, each weigfamglcwt.2qn. 
liJbm ; what do dbcy come to at -IL Is. 4<L per cwt. I 

Ads. 80L 12s. Ijd. -^ 

l-k What b die tax upon 745L 14s. 8cL at Js. 6d. in the 

pound ^ Ans. 130L 1Gb Ojd. ^ 

15. If ^ of a Yard of velvet cost 7s. 2dm how manv vaids 
can 1 buy for loL 15s. 6d. f Ans. 28} yards. 

16. If an ingot of gold, weighing 9[h. 90fZ. 12dvt. be 
worth 41lL 12s. what is that per grain ? Ans. lj(L 

1 r. How many quarters of com can I buy tor 140 dol- 

lan at 4s. per bushel ^ Ans. 26qTS. Sbu* 

18. Bought 4 bales of doth, each concazninsr 6 pieces,aid 

each piece 27 yards, at 16L 4s. per piece -, what is the valiK 

of the whole, and die rate per yard : 

Ans. S8aL 16s. at 12s. per yard. 
19- If an ounce of sQver be worth 5s. 6d. what is die 
price of a tankazd, that weighs lib. lOoz. lOdwt. 4gr. ? 

Ans. 6L3s.9|d.:^ 

20. What is the half year's rent of 547 acres of land it 
15s. 6d. per acre ? 

Ans. 211L 195.3d. 

21. At l-r5D. per week, how many months' board can I 
have for 106L ? Ans. 47m. 2w ^ 

22. Bought 1000 Flemish ells of cloth for 9CA. how must 
I sell it per eH in Bostcm to gain lOL by the whole ? 

Ans. 3s.4di 

23. Suppose a gentleroan^s income is 1750 dollars ayetfy 



I 



J 



SINGLE RULE OF THREE. 131 

he spends 19s. 7d. per day, one day with another, how 
h will he have saved at the year's end ? 

Ans. 16?l. 12b. Id. 
k What is the value of 173 pig» of lead, each weighing 
t. 2qrs. 17}lb. at 81. 17s, 6d. per fother of I&Jc\vt. ? 

Ads. 2861. 4s. 4|d. 
I. The rents of a whole pariah amount to 1 7501. and a 
is granted of 321. 168. 6d. what is that in the pound ? 

Ans. 4|d. ^{ffSJff. 
i. If keepingfor nay horse be ll^d. per day, what will 
he charge of 1 1 horses for the year ? 

Ana. 1921. 7s. 8jd. 

7. A person breaking owes in all 1490L 5s. lOd. and has 
noney, goods, and recoverable debts, 7841. 17s. 4d. if 
e things be delivered to his creditors, what will they get 
le pound? Ans. 10s. Ojd. |y??T- 

8. What must 40s. pay toward a tax, when 6521. I3s. 4d. 
Bsessed at 831. 12s. 4d. ? Ans. 5s. l|d. ttttv 

9. Bought3tunsofoilforlSll. I4s. 85 gallons of which 
Ig damaged, I desire to know how I may sell the remain- 
per gallon, so as neither to gain nor lose by the bargain ? 

Ans. 4s. 6^d. ^Y^. 
0> What quantity of water must 1 add to a pipe of 
mtain wine, valued at 331. to reduce the first cost to 4s. 
per gallon i Ans. 20| gallons. 

i. If 15 ells of stuff, i yard wide, cost 37s. 6d. what will 
ells of the same stuff cost, being yard wide ? 

Ans. 61. ISs. 4cl. 
3. Shipped for Barbadoes 500 pairs of stockings at 3s, 
per pair, and 1650 yards of baize at Is. 3d. per yard, 
received in return 348 gallons of rum at Cs. 8<J. 



j^Mtt receive 
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per gallon, and 75(Ab. of indigo at la. 4d. per Ibb what re- 
mains due upon my adventure ? Ans* 34L 128. 6A» 

3d* If 100 workmen can finish apiece of work in 12 days, 
how many are suflkiem to do the same in S days i 

Ans. 400 men. 

34. Hocw many yards of matting, 2ft. 6in. broad, will cov- 
er a floor, that b lUtfu loof, and 20fu broad? 

Ans. 72 yards. 

35* How many yards of cloth, 3qrs* wide, are equal in ' 
measure to 30 yards, 5qrs. wide i Ana. 50 yards. 

36. A borrowed of his friend B 25CA. for 7 months, prom-^ 
ising to do him the like kindness ; sometime after B had oc- 
casion for 300L how long may he keep it to receive foil a- 
mends for the flavor? 

Ans. 5 mcmths and 25 dayf* 

37* If, when the price of a bushel of wheat is 6s» 3d. the 
penny loaf wei|^ 9oz. what ought it to wei^ when wheat 
is at 8s. 2|d. per bushel i Ans. 6o^ ISdr. 

38. If 4|cwt. may be carried 36 miles for 35 shilhngs, 
how many pounds can I have carried 20 miles far the same 
money i Ans. 9071b. ^ 

39. How many yards of canvass, that is ell wide, wiUlioe 
20 yards of say, that is 3qrs. wide ? Abs. 12yds* 

40. If 30 men can perform a piece of waric in 11 difS) 
how many men will accomplish another piece of wotk,4 
times as big, in a fifth part of the time ? Ans. 600i 

41. A wall^diatbtobebuilttotbeheightof 27fe^was 
nused 9 feet by 12 men in 6 days ; how many men mostbe 
employed to finish the wall in 4 days at the same rate of 
working ? Ans. 36. 

48. If foz. cost ||L whal wifl loou cost? 

Ans. IL 56. ad* 
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43* tf fV of a ship C03t 273L 2s« 6cL what is /^ of her 
worth i Ans. 22rL 12s. Id. 

44* At 1|1. per cwt. what does 3^lh* come to ? 

Ans. lO^d. 

45. If I of a gallon cost |-1. what will f of a tun cost ? 

' Ans. 140L 

46. A person, having I of a coal mine, sells | of his share 
for 17lL what is the whole mine worth ? 

Ans. 3801. 

47* If, when the days are 13| hours long, a traveller per- 
form his journey in 35^ days ; in how many days will he 
perform the same journey, when the days are ll-^V hours 
long i Ana. 40^|| days* 

48. A regiment of soldiers, consisting of 976 men, are to 
be new clothed, each coat to contain 2^ yards of cloth, that 
is If yd. wide, and to be lined with shalloon, f yd. wide ; how 
many ysurds of shalloon will line them i 

Ans. 4531yds. Iqr. 2|nl. 



PRACTICE. 

Practice is a contraction of the Rule of Three, when the 
first term happens to be an unit, or one ; and has its name 
from its daily use among merchants and tradesmen, being an 
easy and concise method of working most questions, that oc- 
cur in trade and business. 

r 

The method of proof is by the Rule of Three. 

An aliquot part of any number is such a part of it, as, be- 
ing taken a certain number of times, exactly makes that 
number. 



lU PftACTICE. 

GENERAL RULE."**" 

1. Suppose the price of the given quantity to be IL Is. or 
Id. as is most convenient ; then will the quantity itself be 
the answer, at the supposed price. 

2. Divide the given price into aliquot paits, either of the 
supposed price, or of one another, and the sum of the quo- 
tients, belonging to each, will be the true answer required. 

Note 1. When there is any fractional part, or inferior de- 
i^omiiiation of die quantity, take the same part of the price, 
that the given fraction, or inferior denomination, is of the 
unit, of which the price is given, and add.it to the price of 
the whole number. 

Note 2. The rule of Practice is nearly superseded by tht 
use of Federal Money. 

EXAMPLE. 

What is the value of 526 yards of cloth at 3s. lOJd. pel 
yard? 



5261. Ans. at ll. 



■\ 



3s. 4d. is j^ = 87 13 4 do. at O 3s. 4d* 

4d* is-f\f=;B 8 15 4 do. at 4 

2d. is I = 4 . 7 8 do. at 2 

^d. is I = 10 11| do. at 0} 

101 7 3| do. at 3 lOjthefuflpricc. 

Ans. lOlI. 7s. 3jd. 

* The rule will be rendered very evident by an explanation of 
the example^ In this example it is plain, that the quantity 536 
is the answer at 11. consequently) as 3s. 4d. is the | of 11. | of 
that quantity, or 871. ISs. 4d. is the price at Ss. 4d. In like 
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By Federal Money* 
At % 06423 per yard. 

38538 
12846 
32115 



41 337*8498 Answer. 

2. 8cwt. 2qr8. 16lb. at 2l. 5s. 6d. 

8 





18 4 


2qrs. is \ 


12 9 


141b. is 1 


5 8| 


21b. is 1 


9| 



19L 13s. 3d. the answer. 

3. 5275 yards at 2d. Ans. 43l. 19s. 2d. 

4. irr6yardsat3d* Ans. 221. 4s. 

5. 273^ at 2s. 6d. Ans. 341. 3s. l|d. 

6. 937| at 31. 17s. 8d. Ans. 36401. 12s. 6d. 



manner} as 4d. is ^jg of 3s. 4d. so -^ of 871. 1 3s. 4d. or 81. 1 5s. 
4d. is the answer at 4d* And by reascming in this way 41. 7s. 
8d. win be shown to be the price at 3d. and 10s. 1 ^d. the price 
at ^•— Now as the sum of all these parts is eqqal to the whole 
price (3s. 40^.) so the sum of the.answers, belonging to each 
pricO) will be the answer at the fall price required. And the 
aame will be true in any example whatever. 



% 
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TARE AND TRETT. 

Tare and Tret^t are practical rules for deducting car* 
tain allowances, which are made by merchants and trades* 
men in selling their goods by weight. 

Tare is an allowance, made to the buyer, for the weight 
of the box, barrel, or 't)ag, &c« which contauns the goods 
bought, and is either at so much per box, Stc. at so much 
per cwt. or at so much in the gross weight. « 

Ttett is an allowance of 4lb. in every 1041b. for waste, 
dust, &c. 

Cloff' is an allowance of 2lb. upon every 3cwt. 

Gross weight is the whole weight of any sort of goods, to- 
gether with the box, barrel, or bag, &c. that contains them. 

SiOtleis the weight, when part of the allowance b deduct- 
ed from the gross. 

Net weight is what remains after all allowances are made. 

CASE 1. 

When the tare is a certain weightier boXy barrel^ or bag, &?c. 

RULE.* 

Multiply the number of boxes, or barrels. See by the tare, 
and subtract the product firom die gross, and the remainder 
is the net weight required. 



■^«- 



* It is mamfest, that this, as well as every other case in this 
rak} is only an applicatioD of the rules of Proportion and Prac* 
tke. 



• 



TARE AND TRETT. l%7 

£XAMPL£8. 

t. In 7 frails of rsuBiasy each weighing 5cwt« 2qrs. 5lb. 
gross, tare 23lb. per frail, how touch net i 

2.*lv7=lcwt- Inr. 2 lib. 



23xr=lcwt. Iqr. 211b. 

cwt* qrs* lb« 
5 2 5 



mm 



38 8 r gross. 
1 1 21 tare. 



37 1 14 the answer. 

2. In 241 barrels of figs, each 3qrs. 19lb. gross, tare lOIb. 
per barrel, how many pounds net i Ans. 22413. 

^. What is the net Weight of 14 hogsheads of tobacco, 
each 5cwt. 2qrs. 17lb. gross, tare lOOlb. per hhd.? 

Ans. 66cwt. 2qrs. 141b. 

CASE 2. 

When the tare is a certain weight per cwt» 

RtrL£. 

Divide the gross weight by the aliquot pstlts of a cwt. con- 
tsuned in the tare, and subtract the quotiept fronk the gross, 
and the remsdnder is the net weight. 

EXAHPLES. 

1. Gross 173cwt. 3qr8. 1 Tib. tai^lGlb. per cwt. how much 
net? 



^^ 
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cwt. qrs. lb. 

173 3 17 gross. 

14lb.is| 21 2 26 
2lb. is I 3 11 

24 3 9 



149 O 8 the answer. 

2. What is the net weight of 7 barrels of pot-ash, each 
weighing 2011b. gross, tare being at lOlb. per cwt. ? 

Ans. 12811b. 6oz. 

3. In 25 barrels of figs, each 2cwt. Iqr. gross, tare 16lb. 
per cwt* how much net ? Ans. 48cwt. 24Ib. 

CASE 3. 

When Trett is allowed with Tare* 

RULE. 

Divide the sutde weight by 26, and the quotient is the 
trett, wUch subtract from the suttle, and the remainder is 
the net weight. 

EXAMPLES. 

1* In 9cwt* 2qrs« 171b. gross, tare 371b. and trettas usual, 
how much net i 

cwt* qrs* lb* 

9 2 17 gross. 
O 1 9 tare. 



26)9 1 8 sutde. 
1 11 trett. 



8 3 25 the answer. 
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n 7 casks of prunes, each weighing Scwt. Iqr. 5lb. 
tare IT^lb* pier cwt. and trett as usual, how much 

Ans. IScwt. 2qrs. 25lb. 

•Vhat is the net weight of 3 hogsheads of sugar weigh* 
follows: the first, 4cwt. 5lb. gross, tare 73lb. the 
I, 3cwt. 2qrs. gross, tare 56lb. and the third, 2cwti» 
I rib. gross, tsu-e 471b. and allowing trett to each as 
^ Ans. 8cwt« 2qrs. 4lb. 

CASE 4. 
When tarcj trett^ andcloff'are all allowed* 

RULE. 

luct the tare and trett, as before, and divide the suttle 
{, and the quotient is the cloff, which subtract from the 
and the remainder is the net. 

EXAMPLES. 

^hat is the net weight of a hhd. of tobacco, weighing 
• 3qrs. 20lb. gross, tare 7lb. per cwt. and trett and 
s usual ? 

cwt. qrs. lb. 
15 3 20 gross. , 

7lb. is tV- 3 27 tare. 



TT 



26)14 3. 21 

2 8 trett. 



168)14 1 13 suttle. 

9 cloff. 



14 1 4 the answer* 
17 



l» DOUBLE RULE OFiTHREE. 

2m In 19 chests of sugar, each cootanttngl3cwt.lqr.17lk 
gross, tare l^b. per cwu andtrett and doff asusm^ bow 
much net, and what is the value at S^d, per pound ? 

Ans. 215cwt. irlh. and value 577L 66. 5|d. 



* - 

^ «<^ - . .^^ 
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COMPOUND PROPORTION, 

on 
DOUBLE RULE OF THREE. 

CoKPomm Peopo&tion teaches how to resolve such ques- 
tions, as require two or more statings in Simjde ProportioiL 

In these questions there is always given an odd number 
of terms, as five, seven, or nine, &c. Tlese are distingaisbr 
ed into terms of suppositlonj and terms of demand^ die num^ 
ber of the former always exceeding that of the latter by one, 
which is of the same kind with the term or answer sought* 

This rule is often named the Doubk Ruk of Three^ be* 
cause its questions are sometimes performed by two opera- 
tions of the Rule of Three. 

EULE* FOR STATING. 

1. Write the term of supposition, which is of the same 
kind wth the answer, for the middle term. 



\» 



* The reason of this rule for stating* and of the methods of 
operation) may be eanly shown firom the nature of Simple Pro* 
portioD ; for every line in this case is a particular stating in that 
rule. And therefore- with respect to the second method, it 15 
evident, that, if all the separate dividends be collected into one 
dividend, and all the divisors inta one divisor, their quotient 
must be the answer sought* 
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3. Take one of the other terms of supposition, and one o 
the demanding terms of cht same kind with it ; then plac 
one of them for a first term, and tiie other for a third, » 
cording to tlie directions given in the Rule of Three. Ds 
the same with another term of supposition and its correspond 
dent demanding term ; and so on, if there be more I 
each kind ; writing the terms under each other, which fsj) 
on the same side of the middle teim. 

METHOD OF OPERATION. 

I. Bij several operations. — ^Take the two upper terms and 
the middle term, in the same order as they stand, for the firs 
stating of the Rule of Three ; then take the fourth number, 
resulting from the first stating, for the middle term, and the 
two next terms in the general stating, in the same order a 
they stand, for the extreme terms of the second stating ; antl 
so on, as far as there are any numbers in the general stating 
always making the fourth number, resulting from each aim" 
pie stating, the second term of the next. So shall the li 
resulting number be the answer required. 

3. Bif one operation. — Multiply together all the terms it 
the first place, and also all the terms in the third place. Thea 
multiply the latter product by the middle term, and divide 
the result by the former product; and the quotient will hC 
the answer required. 

Note 1. It is generally best to work by the latter rae» 
thod, namely, by one operation. And after the stating, anj 
before the commencement of the operation, if one of the first 
terms, and either the middle term, or one of the last ternUf 
can be exactly divided by one and the same number, let theiB 
be divided, and the quotients used instead of them ; whidt 
Trill much shoiten the work. 

/ 



ISl DOUBLE RULE OF tHREE. 

Note SU Tbe first and third terms of each line, if of dif- 
ferent denominations, must be reduced to the same denomi- 
nation. 

EXAMPLES. 

1. How many men can complete a trench of 135 yards 
long in 8 days, provided 16 men can dig 54 yards in 6 days? 

GENERAL STATING. 

54yds.or2l . .g ^^ • • Xl35yds.or5l . 
8days,or4j • ^^ ™^^ • • \ 6days,or3j ' 

FIRST METHOD. 

yds. men. yds. days. men. dajrs. 
54-r-2r=2 2 : 16 : : 5 : 4 : 40 : : 3 : 

135-T-2r=5 5 3 



2)80(40 men. 4)120(30 men, answer* 
8 12 



SECOND METHOD. 



8 : 16 : : 15 : 

15 

80 
16 



8)240(30 men, the answer as before. 
24 
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2. If lOOl. in one yesur gain 5l. interest, what will be the 

interest of 7501. for seven years ? 

Ans. 2621. 10s. 

3. What principal will gain 2621. 10s. in 7 years, at 5l. 
per cent, per annum ? Ans. 7501. 

4. If a footman travel 130 miles in 3 days, when the days 
are 12 hours long; in how many days, of 10 hours each, 
may he travel 360 miles ? Ans. Qfy. days. 

5. If 120 bushels of com can serve 14 horses 56 days ; 
how many days will 94 bushels serve 6 horses ? 

Ans. 102^1 days. 

6. If 7oz. 5dwts. of bread be bought at 4|d. when corn 
is at 4s. 2d. per bushel, what weight of it may be bought 
for Is. 2d. when the price of the bushel is 5s. 6d. ? 

Ans. lib. 4oz. S^^^dwts. 

7. If the carriage of I3cwt. Iqn for 72 miles be 21. 10s. 
6d. what will be the carriage of 7cwt. 3qrs. for 112 miles ? 

Ans. 2l. 5s. lid. I-xVt^* 

8. A wall, to be built to the height of 27 feet, was raised 
to the height of 9 feet by 12 men in 6 days ; how many men 
must be employed to finish the wall in 4 days, at the same 
rate of working ? Ans. 36 men. 

9. If a regiment of soldiers, consisting of 939 men, can 
eat up 351 quarters of wheat in 7 months ; how many sol- 
diers will eat up 1464 quarters in 5 months, at that rate ? 

Ans. 5483-^^^. 



10. If 248 men, in 5 days of 11 hours each, dig a trench 
230 yards long, 3 wide and 2 deep ; in how many days of 
9 hours long, will 24 men dig a trench of 420 yards long, 5 
wide and 3 deep j^ «. Ans. 288-^%%-. 



I3i CONJOINED PROPORTION. 

CONJOINED PROPORTION* 

Conjoined Proportion is when the coins, weights, or 
measures, of several countries are compared in the same 
question ; or it is the joining toge.ther of several ratios, and 
the inferring of the ratio of the first antecedent and the last 
consequent from the ratios of the several antecedents and 
their respective consequents. 

Note 1. The solution of questions, under this rule, may 
frequently be much shortened by cancelling equal numbers, 
when in both the columns, or in the first column and third 
term, and abbreviating those, that are commensurable. 

Note 2. The proof is by so many statements in the Sin* 
gle Rule of Three, as the nature of the question requires. 

CASE 1. 

When it is required to find how many of the last kind ofcoin^ 
weighty or measurey mentioned in the juestionj tire equcd 
to a given number ofi the first. 

RULE. 

1. Multiply continually together the antecedents for the 
first term, and the consequents for the second, and make the 
given number the third. 

2. Then find the fourth term, or proportional, which will 
be the answer required. 



1. If lOlb. at Boston make 91b. at Amsterdam ; 90ib. at 
Amsterdam, 1121b. at Thoulouse ; how many pounds at 
Thoulou8Qr«r€ equal to 5(Ah. at Boston i 



CONJOINED PROPORTION. 1S» 



Ant, 


Cons. 




10 


: 9 




90 


: 112 




900 


: 1008 :: 
50 


: 50 




)50400(56 


the answer. 




4500 






5400 ' 






5400 





Or by abbreviation. 

m 

10 : 9 :: 50 10 : 1 :: 50 1 : 1 ;: 5 
90:112 10:112* 10:112 2 : 112 :: 1 : 56. 

56 the answer^ 

2. If 20 braces at Legltom be equsd to IQ vares at Lis- 
bon ; 40 vares at Lisbon to 80 braces at Lucca ; how ma- 
ny braces at Lucca are equal to 100 braces ^t Leghorn l 

Ans. 100 braces. 

CASE 3. 

When it is required to Jind how many of the first kind of 
coiny weighty or measure^ mentioned in the question^ are 
equal to a given number of the last. 



* In performing this exampley the first abbreviation is ob- 
tained by dividing 90 and 9 by their common measure 9 ; the 
second by dividing 10 and 50 by their common measure 10 ; 
the third by dividing 10 and 5 by their common measure 5 ; 
and the fourth, or answer, by dividing 2 and U2 by their com- 
mon measure ^. 
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ftULE. 

Proceed as in the first case, only make the product of thiP*' 
consequents the first term, and that of the antecedents the 
second. 

SXAMPLES. 

1. If lOOlb. in America make 95lb. Flemish ; and 19lb. 
Flemish, 25lb. at Bolognia ; how many pounds in America 
are equal to 50lb« at Bolognia ^ 

Cons* Ant. 
95 : 100 
25 : 19 



475 
190 

^375 : 1900 :: 50 : 

50 



1 



)95000(4<)lb. the answer. 
9500 





Or by abbreviation. 

95 : 100 5 : 100 5:4 

25 : 19 :: 50 25 : 1 :: 50 1:1 :: 50 1:4 :: 10 : 

4 

Ans. 40lb. 

2. If 25lb. at Boston be 22lb. at Nuremburg ; 88lb. at 
Nuremburg, 92lb. at Hamburgh ; 46lb. at Hamburg^ 4^ 
at Lyons ; how many pounds at Boston are equal to 98lb* 

at Lyons? 

Ans. lOOB). 



SINGLE FELLOWSHIP. ISf 

^. If 6 braces at Leghorn make 3 ells EngUsh ; 5 ell^ 
fenglish, 9 bi^ces at Venice ; how many bri|l«s^t Leghorn 
"^rill make 45 braces at Venice ? Ans. 50 braces.* 



FELLOWSHIP. « 

♦ ■ 

Fellowship is a geneAl rule, by which merchants, &c. 
trading in company, ^Sfch a joint stock, determine each per- 
son's particular share of the g^ or loss in proportion to his 
nhare in the joint stock. 

By this rule a bankrt^j^ estate may be divided among 
his creditors ; as N^aJ^gaaes adjusted, when thiere is a de- 
i^ciency of assets or effects. 

* SINGLE REtLOWS^P. 

Single Felhtjoship is when diiSpent st6tks are employed 
for any certain equal time. ^^ *,^ 

♦ m\t ^ 

HULE.* V Wf- 






' '* — 'S.. 



As me whole stoc#is to th^ whole gain o^oss, so is each 

* Barter IS the exchanging of one commoduy for another^ 
uid directs traders t^to proportion their gooih that neither 
party may sustain Ibss. g^ _ 

JLoaa and Grain is a rule, that discovers what is eot or lost in 
the buying or selling of goods ; andKnstructs merchants and 
traders to vdlsip o^ lower the price of their goods, so asfto gain 
i»r lose a certain sum peflbentflSec* 4ll^ 

Questions in these rules s^re performed by thi6 Rulf of Threes 

^ That the gain or loss, in this rule, is in proportion to theii" 



■w 
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1^8 SINGLE FELLOWSHIP. 

man's particiilar stock to his particuhor share of the gain or 
loss* ''. 



METHOD OF PROOF. 

Add all the shares togedier, and the sum will be equal to j 
the gain or loss^ when the questpon is right. 

Kit^LMPLES* 1 

1. Two penoDS trade together ; A pot into stock Sl30 
and B 2220, and ihey gained|LS500 ; what is each persoo^s 
share thereof i 

350 : 500 :: 130 

" 500 %*ij 

I 

1 



35/>)snv)(i8s-nif 

35 

^^ * 

^ MO 

V > sao 

900 

irs 



.•>» 



945 



50 
35 

15; 



^ 



t lasi ii » tui i mt : ftr imlirThOTailn mwln at MiUMk m 
n^ VI M|Pt iiil tf tl»i*ik «sdu I «^te t» km| ofte 
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9S0 


: 500 


:: 220 : 


"l 


35,0 


500 




)llOaO,0(314-28|| 
105" 


■ 




.50 






35 




f' 


150 
. 140 


^ 




100 


• 


V 


70 




■ / 


300 


• 




^80 



\w 



f > 20 

81 85*7141= A^8 diare. 

314*28f f :=B's share 

2500*00 the proof. ^. 

d. A and B haVe guned by tra^ng £182. A put into 
stock 2300 and B f^^XX) ; what is each person's share of the 
profit i Ana. A 878 and B 8104. 



irhole gun ; if my part of the whc^ stock be ^, my share of the 
whole gain or loss ought to be ^ also. And generally, if I put 
in i of the stock, I ought to have i part of the whole gain or 
loss; that is, the same ratio, that the whole stock has to the 
whole gun or loss, must each person's particular stock have to 
his particular gain or loss. 






Uo SINGLE FELLOWSHIP. 

3. Divide S 120 between three persons, so that their sharoi j 
shall be to each other as 1, 2, and 3 respectively. 

Ans. S20, 840, and ^6a 

4. Three persons make a joint stock. A put in St85*6d» ^ 
B S98-50, and C S76-85 ; theytrade and gain S22S ; wtm 
is each person's share of the gain ? - p ' 

Ans. A 8iai;irTTVffT> » aso-^r^^^' jc G»4r*25|j{jf , 



*■■.'.< 



5. Three merchants, A* B, and C, freight a ship with 34& 
tuns of wine; A loaded 110 tuns^ B 97 j an4X>the rest. In j 
a storm the seamen were obliged to throw 85 tuns oveiv I 
board ; how much must each sustain of the loss i 

Aps. Airi, B d4|, andC 33f 



%* 




G. A ship Avorth J5860 being entirely loat^ of whic}i ^ 
longed to A, A to B, and the rest to C ; what loss will 
sustain, supposing 8^00 of her to be insured ? ^, 

Ans. A S45, B S90, and C 8S» 

. i 

r. A bankrupt is indebted to A 8277*33, to B 8365*irt J 
to C S 1 52, and to D 8 105. His estate is worth only 867^4^ 
50 ; how must it be divided ^ J 

Ans. A 8223-8 1|4|4, B ft246*28Vy^ 
C 8122'66|||J, and D iMfif^^ ., 

8. A and B, venturing equal sums of money^. clear by 
joint trade 8154. .By agreement A was to have 8 p^xp^ 
because he spent his time in the execution of the project^ 
and B was to have eiidy 5 per cent. ; what was A allowed 
for his trouble ? ... ^- Apb. 1B35-5344' 
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DOUBLE FELLOWSmP. 

Double Feliowshifi is when difFerent .'ckr equal stocks arc 
dnloyed for different times. 

,, "VIE.* 

Multiply each man's stock into the time of its continur 
vnce, then say, 

As the total sunk gt all the products is to the whole gain 
or loss, 

Sq is «ach man's par^cular product to his partictilar share 
the gain or loss. 




EXAMPLE^. 

1« A and B hold a piece of ground in common, for which 
^ley are to pay S36. A put in 23 oxen for 27 days, and B 
91 oxen for 3$ days ; ^hat part of the rent ought each man 



(opay 



. ? 



* Mjfi^ljlALcdM, Mr. Ward, and several other authors have 
given an analydcal investigation of this rule ; but the most gen* 
eral and elegant method perhaps is that, which Dr. Hutton has 
given 4n his Arithmetic, namely, 

dfeu- '*■"■ 

WJvllcn the times are equal, the shares of the gain or loss are 
jBvidently as the^vtoclbs, as in Single Fellowship \ and when the 
||tock8 are equal, the snares are as the times ; wherefore, when 
neither are equal, the shares must be as their products. 
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DOUBLE FELLOW^If . 

KI^G : : 621 
621 



23X2r=6ll 1356 
2lX35=r3Sr 



^ 



¥ 



1356 




s 



72 

216 •*?* 



# 



^ 






1356)^356(16»4axVVV 
11356 jfl 

" ..i' 

8796 

8<^6 
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41^ 



66(igp 

5424 



%356 



36 : : 735 : 
735 









iirco 

10848 
912 






180 
108 
252 
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44 



1356)26460(19'51tV7T 



12900 
12204 






6960 
6780 

1800 
1356 

"4"' If 
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6l6.48iVA^A^ share, 
19'5^\Vf=B'8 share, 

S86*ob tb^ proo£i 
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||\LLIGATI0N. 9 i4d 

^ % Three graziers hired a piece of land for !560*50. A 
|mt in 5 sheep for 4| months, B put in 8 for 5 months, and 
C put in 9 for 6^ months ; how mtich must each pay of the 
rent? Ans. A gll-25, 3 g20, and C g29-25. 

^ 3. Two merchants enter into partnership for 18 months ; 
^pat into stock at first S200, and at the end of 8 months 
^e put in Si 00 more ; B put in at first jB550, and at the end 
erf 4 months took out Sl40. Now at the expiration of the 
time they find they have gained $52b ; what is each man's 
lust share ? Ans. A's El92 gj^f},. 

B's 333-d44J||. 

4. A, with a capital of jRlOOO began trade January 1, 
1776, and meeting with success in business he took in B as 
a partner, with a capital of gl500 on the first of March fol- 
lowing. Three months after that they admit C as a third 
partner, who brought into stock 22800, and after trading to* 
ISether till the first of the next year, they find the gain, since 
A commenced business, to be Si 776*50. HoW must this 
1^ divided among the partners f 

Ans. A*s S457*46|« ♦. 
B's 571-83|f«. 
C's 74M9||f 



t' ■ 



ALLIGATION. 

y Alligation teaches how to mix several simples of dif- 
ferent qualities, so that the composition may be of a mid- 
He quality ; and is commonly distinguished into two princi- 
>al cases, called Alligation inedial and Alligation alternate* 
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ALLIGATION MEDIAL. 

Alligation ?nedial is the method of finding the rate of the 
compound, from having the rates and quantities of the sev* 
^ral simplcrs given* 

HULE.* 

Multiply each quantity by its rale ; then divide the sum 
of the products by the sum of the quantides, or the whole 
composition, and the quotient will be the rate of the com- 
pound required. 

EXAMPLES. 

1. Suppose 15 bushels of wheat at 5s. per bushel, and li 
bushels of rye at 3s. 6d. per bushel were mixed together; 
how must the compound be sold per bushel without lost or 
gain? 



* The truth gf tlus rule is too cTident to need a demonstn- 
lion. 

Note. If an ounce or any other quantitf of pare gold be 
iccduccd «nto 34 equal parts* these parts are called carats ; hot 
gold is ofien mixed with some baser metal, which is called tiM 
aUoy^ and the mixture is said to be of so many carats fine* ac- 
covding to the propordon of pure gold contained in it ; thusi if 
n carats of pure gold and 3 of alloy be mixed togetkcr> it is 
saKl to l>c 33 carMs fine. 

If any i^e of the dmples be of little or no value with respect 
Vo the rrM^ its rate is supposed to be nothing* as water mixdi* 
^\\\\ ^-iivr^ aiid aUoy with pcM or sSIrer. 
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42 


15 


12 


300 


504 


60 


900 



ALUOATION ALT£RNAT£. Hi 

15 
12 



27 



900 2r)l404(52d.==:4s. 4d. the answerf 

135 



54 

54 



2* A composidon being made of 5lb. of tea at fs* per 
pound, 9lb. at 8b. 6dt per pound, and 14|lb. at 5s. lOd. per 
^bund^ what is a pound of it worth i Ans. 6s. lOjd. 

3. Mixed 4 g^ns of wine at 46. lOd. per gallon, with 7 
gallons at 5s. 3d. per galbn, and 9| gallons at 5s. 8d. per 
gallon ; what is a gallon of this composition worth i 

Ans. 5s. 4^d. 

4. A goldsmith melts 8lb. 5^z. of gold bullion of 14 
carats fine, with 131b. 8^oz. of 18 carats Sne ; how many 
carats fine is tibis mixture i Ans. 16|^ carats. 

5. A refiner melts lOlb. of gold of 2() carats fine with 
161b. of 18 carats fine ; how much alloy must he put to itto 
inake it 22 carats $ne ? 

Ans.^ It b hot fine enough by 3^ caratf , fo that no alhnr 
ftiuflt be put tp it, but more gold* 

ALLIGATION ALTERNATE. 

1 

AlBgxition alternate is the method of finding what^joan- 
tity of any number of simples, whose rates are given, will 
compose a ivixture of a given rate j so that it is the ^^versc^i tVios^w^ 
of ADigation medial, and may be proved by it. 
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IM ALUGATION ALTERNATE. 

RULE 1.* 

1. Write the rates of the simples in a column under eacb 
other. 

2. Connect or link with a continued line the rate of each 
simple, which is less than that of the compound, with one or 
any number of those, that are greater than the compound ; 
and eadi greater rate with one or any number of the less. 

3* Write the difference between the mixture rate and 



* Dbmonsteatior. By connecting the less rate ta the 
greater, and i^acing the differences between them and the meai 
rale alternately, the quandties resulting are such, that there is 
precisely as much gained by one quanuty ask lost by the other, 
and therefore the gun and loss upon the iriiole aie equal, and 
are exactly the proposed rate ; and the same will be true of anj 
other two simples, managed accorc fin g to the rale. 

In like manner, let the number of amples be idiat it maj) 
and with how many soeTereach is linked, since it is always a less 
with a greater than the aiean price, there w91 be an cqaal bal- 
ance of loss and gun between cTery two, and cn M e q qently an 
equal babnce on the whole. Q. £. D. 

Itlsebnousfrom the rale^ that quesuonsof tldssoit adnit 
«f a great Tmrtety of answers ; for having found one aaswert we 
may find ais aaany anaie as we please^ by only anuhiphrcig er £• 
^wSi^ eifech of the qttantitks found by Sy 3» or 4» te. tlia 
^wluchUeTkksit; for^if twoqaansRiesof two 
a Wknoe c( kis& and (ain« wt^ii lespect u> :ke 
i^u>^ ^$o^ t^e <k>ttbwe er utMew ^« | or 4 ptLX or sot eAcr la* 
\v> \\f th<$^ ^cattuucs% and se ob^ «f £i^£sr 




\\^ MhteiW y>wl^i»t> sftl Vr aa 
1MA> N^ f>wwA> tbaa wiM give aM liie i 



ATLLICATION ALTERNATE. 
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ibat of each of the simples opposite to the rates, with whiich 
they are respectively linked. 

4. Then if only one difference stand against any rate, it 
will be the quantity belonging to that rate ; but if there be 
several, their sum will be the quantity. 

XXAXPUtt. 

1. A merchant would mix wines sKt 14s. 19s. 158. and 22ft. 
per gallon, so that the mixture may be worth 18s. the gal- 
lon ; what quantity of each must be taken ? 



14- 



15- 



ts< 



19- 
L22. 



4 at 14s. 
1 at 15s. 

3 at 19s. 

4 at 22s. 

Or thus : 



1 1 



'J 



14- 



15— 



18< 



19— 
L22.— 



i 



1+4 
1 

4+3 
4 



5 at 14s. 
1 at 155. 

7 at 19s. 
4 at 22s. 



3. «How much wine at 6s. per gallon and at 4s. per gallon 
must be mixed together^ that the composition may be worth 
58. per gallon ? 

Ans. 12 gallons, or equal quantities of each. 

'9* JEIow much com at 2s. 6d. 3s. 8s. 4s. and 4s. 8d. per 
%ii$hel must be mixed together, that the compound may be 
worth 3s. lOd. per bushel I 

Ans. 12 at 2s. 6d. 12 at 3s. 8d. 18 at 46. and lBat46. 8d. 

04. A goldsmith has gold of 17, 18, 22, and 24 carats fine ; 
bow much must be taken of each to make it 21 carats fine ? 

. Ans. 3 of ITy 1 of 18, 3 of 22, and 4 of 24. 



^' 
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ALLIGATION ALTERNATE. 



5. It a required co mix brandy at 8s. wine at Tft. cidern 
Is. and water at per gallon together, 90 that the nuxtun 
m^ be worth 5s. per gallon i 

Ans. 9 of brandy, 9 of wine, 5 of dder, and 5 of water- 
it dle 2.* 

When Ihe whole componiion is Smiled to a certain yuanli- 
ty, find an answer us before by linking; then say as the sum 
of the quantities, or differences thus determined, is lo the 
given quantity, so is each ingredient, found by linlcing, to 
the required quanti^ of each. 



■ A great number of questions might be here given relating 
to the specific [gravity of metals, Sec. but one of the rnost curiouS) 
with the operation at large, may serve as a suiGcient specimen, 

HiEfto, king of Syracuse^ gave orders for a crown to be made 
entirely of pure gold ; but suspecting the workmen had debas- 
ed it by mixing it with silver or copper, he recommended the 
discovery of tliG fraud to the famous Abchimedbsi and denr> 
ed to know the exact (quantity of alloy in the crown. 

ARCHiUEi>Es,in order to detect the imposition, procured tw» 
other musses, one of pure gold, the other of silver or coppeTi 
and each of the same weight with the former ; and each being 
put separately into a vessel full of water, tht quantity of water 
expelled by them determined their specific bulks ; from which 
and their given weights, the exact quantities of gold and allof 
in the crown maybe determined. 

Suppose the weight of each crown to be 101b. and that the 
Water expelled by the copper or silver was 931b. by the gold 
531b. and by the compound crown 64lb. what will be the qum* 
titles of gold and alloy in the crown ? 




ALUGATiON ALTERNATE* U9 

£XAMPL£8. 

t. How many gallons of neater at Os. per gallon, must be 
mixed with wine worth 3s. per gallon, so as to £11 a vessel 
of lOO gallons, and diat a gallon may be afforded at 2s« 6d« ? 

6 ' • 



(.36 * 



30 



36 

:36 : 100 : : 6 : 36 : 100 : ; 30 t 

6 30 

36)600(16 36)3000(83 

36 288 

240 120 

216 103 



24 12 

Ans. 83|f gallons of wine, and 16|^ of water. 

2« A grocer has currants at 4d» 6d. 9d* ^^ 1 Id* per lb. 
and he would make a mixture of 240lb. so that it may be af- 
forded at 8d. per pound ; how fiuch of each sort must he 
take? 

Ans. r2lb. at 4d. 24 at 6d. 48 at 9d. and 96 at lid. 



The rates of the simples are 93 and 53| and of the compound 
64; therefore 

D13 of copper, 
88 of gold. 

And the sum of these is 13-|-38s4t), which should have been 

bvt 10 ; whence, hj the rule, 

40 : 10 : : 13 : Sib. of copper, 1 the answer 
40 : 10 : : 38 : 71b. of gold, J ^^^ ^Xiswev. 
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3. How much gold of 15, of 17, of 18, and of 22 caraXs 
fine must be mixed together to form a composition of 40 
ounces of 20 carats fine ? 

Ans. 5oz. of 19^ of 17, and of 18, and 25 of 22. 

&ULB. 3.* 

When one of the ingredienU is limited to a certain quanti- 
ty/ take the diflPerence between each price and the mean 
rate as before -, tiien. 

As the diflPerence of that simple, whose quantity is given, 
is to the rest of the diflPerences severally, so is the quantity 
given to the several quantities required. 

EXAMPLES. 

1. How much wine at 5s. at 5s. 6d. and 6s. the gaUon 
must be mixed with 3 gallons at 4s. per gallon, so that the 
mixture may be wordi 5s. 4d. per gallon ? 



f48. 

I 60—1— 



64S 



I 66— 
1/2- 



E 



8+2=lC 
8+2=10 



16+4=20 
16+4=20 

10 : 10 : : 3 : 3 

10 : 20 : : 3 : 6 

10 : 20 : : 3 : 6 

Ans. 3 gallons at 5s. 6 at 5s. 6d. and 6 at 6s> 

* In the very same manner questions may be wrought, when 
several of the ingredients are limited to certain quantities, by 
finding first for one limit and then for another. 

The two last rules can want no demonstration, as they evident^ 
ly result from the first, the reason of which has been already 
explained. 



tNVOLUTION. I9t 1 

"a grocer would mix teas at I2s. lOs. and 68. with 20 1 
lb. at 4s. per pound ; how much of each sort must he take to 
make the composition worth 83. per. lb. 1 

Ana. 20lb. at 4s. 10 at 6s. 10 at 10s. and 30 at 13s. ' 

3. How much gold of 15, of 17, and of 22 carats fine^ 
must be mixed with 5oz. of 1 8 carats fine, so that the com- 
position may be 20 carats fine I 

Ana. Soz. of 15 carats fine, 5 of 17, and 25 of 2S«( I 



I 



INVOLUTION. 



A Power is a number produced by multiplying any giv- 
en number continually by itself a certain number of times. 

Any number is itself called the^rst power ; if it be mul- 
tiplied by itself, the product is called the second power^ or 
the »<jU(ire; if this be multiplied by the first power again, 
the product is called the (Airrf ^oicer, or the vube; and if 
this be multiplied by the first power again, the product is. 
called the fourth power, or blquadrate; and so on ; that is,, 
the power is denominated from the number, which exceeds I 
xhs multiplication by 1. 

§Thus, 3 is the first power of 3. 
3>c3= 9 is the second power of 3. 
3X3x3=27 is the third power of 3. 
3X3x3x3=81 is the fourth power of 3. 
&c. &c. 

And in this manner is calculated the following table of 
j)Ower3. 
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^^L» INVOLUTION. 

^^p TABLE of the first ttvehe Powers of the 9 Digits. 
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INVOLUTION. 

Note 1. The mimber, which exceeds the multiplications 
^y 1, is called the index, or exponent, of the power ; so the 
hdex of the first power is 1 , that of the second power is 2, 
Bid that of the third is 3, &c. 

Note 2. Powers are commonly denoted by wriiing theit 
indices above the first power ; so the second power of 3 may 
be denoted thas S*, the third power thus 3',thefourtlipow- 

thus 3*, &c. and the sixth power of 503 thus 503». 

moohtiion is the finding of powers ; to do which we liave 
mdcBtly the following 



Multiply the given number, or first power, continually by 
bself, till the number of multiplications be I less than the 
ndexof the power to be foiuid, and the last product will be 
3ie power required.* 



* NftTE. The raising of powers will be someiimea ahorten- 
id by working according to this observation, viz. whalever two 
ir more powers nre muUiplied together, their product is the 
jower, whose index is the aura of the indices of the factors; 

if a power be multiplied by itself, ihe product will be the pow- 
!r> whose index is double of that, which is multiplied : so if I 
Irould find the sixth power, I might multiply the given number 
srice by itself for the third power, then the third power into it- 
felf would give the sixth power ; or if I would find (he seventh 
iower, I might first find the third i-nd foui'th, and their product 
rouldbe the seventh ; oi' lastly, if I would find the eighth pow- 
tr, I might &i-st find tlic second, then the second into itself 
rouldbe the fourth, and this into its olf would be the eighth, 



J 



Ui EVOLUTION. 

Note* Whence, because fractions are multiplied by tak^ 
kig the products of their numerators and of their denomina- 
tors, they will be involved by raising each of their terms ts 
the power required. And if a mixed number be proposed^ 
either reduce it to an improper fraction, or reduce the vul^ 
*gar fraction to a decimal, and proceed by the rufe. 

SXAMFLES. 

1. What is the second power of 45 1 Ans. 90U^ 

2. What is the square of -027 ? Ans. -OOOTaS^ 

3. ^Vhat is the third power of 3-5 ? Ans. 42*875. 

4. What is the fifth power of -029 ? 

Ans. •000000020511149. 

5. What is the sixth power of 503 ? 

Ans, 16]96HX>5304479739. 

6.^ What is the second power of 'j- ? _ Ads> (• 



EVOLUTION. 

The Root of any given number, or power^ is such a num- 
ber as, being multiplied by itself a certmn number of times, 
will produce the power ; and it is denominated th^^rstyUC- 
cntiy thirds fourth^ f^c. root respectively, as the number of 
multiplications, made of it to produce the ^ven power, is d 
1, 2, 3^ &c. that is, the name of the root is taken from the 
number, which exceeds the multiplications by 1, like the 
name of the power in Involution* 
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EVOLUTION. 
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■NoTK 1. The index of the root, like that of the power 
1 Involution, is 1 more than the Dumber of Hiuitiplications, 
tcesBary to produce the power or given number. 

■ Note 2. Roots are sometimes denoted by writing v 
efore the pow^, with the index of the root against it : 
die third root of 30 is v ^^^ ^^^ ^^^ second root of it is 
/50, the index 2 being omitted, which index is always un- 
lerstood, whtn a root is named or written witliout one. 
lat if die power be expressed by several numbers with the 
^-|-or — , Src. between them, then a line is drawn from the 
Dp of the sign of the root, or radical sign, over all the parts 
6fit: so the thiid root of 47 — IS is y' *7 — 15- And 
gomeumcs roots are designed like powers, with the reclpro- 
bI of the index of the root above the given numl>er. So the 
lluoDd root of 3 is 3^ i the second root of 50 is 50'.; and 
Pc diird root of it is 50^; also Uie tliirdroot of 47 — 15 is 
Vt — 15. 1^- And this method of uotacionhasjusUy prevail- 
fd in the modem algebra ; because such roots, being con- 
idered as fractional powers, need no other directions for 
ny operations to be made with them, than those for intc- 
Iral powers. 

Note 3. A number is called a complete power of any 
^ind, when its root of the same kind can be a'ccuratdy ex- 
ractedj hut if not, the number is called an imperfect pow- 
ir, and its root a nurd or irrational number : so 4 is a com- 
Jete power of the second kind, its root being 3 ; but an im- 
^ect power of the third kind, its root being a surd num- 
Pr. 

Evolution is the finding of the roots of numbers either ac- 
iirately, or in decingals, to any proposed extent. 
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15« EVOLUTION. 

The power is first to be prepared for extraction, or evo- 
lution, by dividing it from the place of uiiits, to the left in 
'integers, and to the right in decimal fractions, into periods, 
each containing as many places of figures, as are denominat- 
ed by the index of the root, if the power contain a complete 
number of such periods : if it do not, the defect will be ei- 
ther on the right, or left, or both ; if the defect be on the 
right, it may be supplied by annexing cyphers, and after diis, 
whole periods of cyphers may be annexed to continue the 
extraction, if necessary ; but if there be a defect on the left, 
such defective period must remain unaltered, and is account- 
ed the first period of the given number, just the same, as if 
it were complete. 

Now this division may be conveniendy made by writings 
point over the place of units, and also over the last figure of 
every period on both sides of it ; that is, over every second 
figure, if it be the second root ; over every third, if it be the 
third root, &c. 

Thus, to point this number 21035896-127'35 ; 

for the second root, it will be 21035896*127350 ; 

but for the third root 3l035896*12r350 ; 

• • • ■ 
and for the fourth 2l035896-12r3500a 

NqV£. The root will contain just as many places of fig* 
ures, as there are periods or points in the given power ; and 
they will be integers or decimals respectively, as the periods 
are so, from which they are found, or to which they corres- 
pond ; that is, there will be as many integral or decimal fig- 
ures in the root, as there are periods of integers or decimab 
IP the ^ven number* 



SQUARE ROOT 



TO EXTRACT THE SQUARE ROOT. 



1. Having distinguished the given number into perioc 
tlad B. square number by the table or trial, cither equal b 
or next less than the first period, antl put the Twn of it c 
the right of the given number, in the marjiici- of a qiiot!^ 
figure ill Division, and it will be the fir^t figure of the i 
required. 



* in order to show the reason of the rule, it will be proper tl 
premise the following 

Lehua. The product of any two numbers can have ai 
but as many places of figurest as arc in both the factors, and d 

least but one less. 

Deuonstbhtion. Take two numbers, consisting of any 
ber of places, but let them be the least possible of (hose piacee, 
namely, unity with cyphers, as 1000 and 100 ; then their pro- 
ductwillbe 1 \vithasmany cyphers annexed, as are in both the 
numbers, namely, 100000; but 1 00000 has one place less than 
1000 and 100 together have; and since 1000 and 100 were tak- 
en the least possible, the product of any other two numbers, ot 
the same number of places, win he greater than IQOOOO ; coik 
aequently the product of any two numbers can have at least I 
One place less than both the factors. 






Again, take two numbers of ary number of places, that shall 
be the greatest of these places possible, as 999 and 99. Now 
999X99 is less than 999x100; but 999X100 (=99900) containsj 
only as many places of figures, an ore in 999 and 99 j therefor^ 
fl99 X99, or the product of any other two numbers, consistitig ol 



158 SQUARE ROOT. 

2. Subtract the assumed square from the first period, and 
to the remainder bring down the next period for a dividend. 

3. Place the double of the root, already found, on tlie 
left of the dividend for a divisor. 



the same number of places, cannot have more places of figures 
than are in both its factors. 

CoROLLART 1. A Square number cannot have more places 
of figures than double the places of the root, and at least but one 
less. 

Coa. 3. A cube number cannot have more places of figure^ 
than triple the places of the root, and at least but two less. 

The truth of the rule may be shown algebraically thus : 

Let JVos the number, whose square root is to be found. 

Now it appears from the lemma, that there will be always as 
many places of figures in the root, as there are points or periods 
in tho given number, and therefore the figures of those places 
may be represented by letters. 

Suppose JVto consist of two periods, and let the figures in the 
root be represented by a and d. 



Then a+A ==a^+2fl34-A^ =A^;= given number ; and to find 
the root of JVis the same, as finding the root of a* +2fld+6*, the 
method of doing which is as follows : 

1st divisor fl)a^-j-2aA+^(fl+^=^ root. 
fl2 



2d cfivisor 2a+d)2ab+b^ 



Again supi>ose JVto consist of 3 periods, and let the figures 
of the root be vepresented by a, 6, and r. 



f 



. ' SQUARE ROOT. I5f 

• 

4. Consider ^hat figure must be annexed to the dirisor, 
so that if the result be multiplied by it, the product may be 
equal to, or next less tlian the dividend, and it will be the 
second figure of the root. 

5. Subtract the said product from the dividend, and to 
the remainder bring down the next period for a new divi- 
dend* 

6. Fmd a ^fivisor as before, by doubling the figures al- 
ready in the i;oot ; and from these find the next figure of the 
root, as in the last article ; and so on through all the periods 
to the last. 

Note 1. When the root is to be extracted to a great 
number of places, the work may be much abbreviated thi» : 
having proceeded in the extraction by the common method 
till you have found one more than half the required number 
of figures in the root, the rest maybe found by dividing the 
last remainder by its corresponding divisor, annexing a cy- 
pher to every dividusd, as in division of decimals i or rather. 



Then a+b+c =a* +2ab+b^ +2ac+2bc+c*, and the manner 
of finding a, by and c will be, as before v thus, 

1st dinsor a)a^ +2a^+b* +2ac+2bc+c^(a'i'b+cs=» root. 



a* 



2d divisor 2a;+b)2ab+b^ 

2ab+b^ 



3d divisor 2a+2b+c)2ac+2bc+c^ 

2ac+2bc+c^ 



Now the operation in each of these cases exactly agrees with 
the rule, and the same will be found to be true, when TV consists 
of any number of periods whatever. 



« 
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IfO SQUARE ROOtV 

without sanexing cyphers, by omitting contimmlly the first 
figure of the divisor on the lig^t, after the manner of con- 
traflibn in division of decimals. 

Note 2. By means of the square root we readily find the 
fourth root, or the eighth root, or the sixteenth root, &c. that 
is, the root of any power, whose index is some power of the 
number 2 ; namely, by extracting so often the square root^ 
ais is denoted by that power of 2 ; that is, twice for the fourth 
root, thrice for the eighth root, and so on. 

TO EXTRACT THE SQUARE ROOT OF A VUL- 
GAR FRACTION. 

RULE. 

First prepare all vulgar fractions by reducing them ta 
their least terms, both for this and all other roots. Then 

■ 

1. Take the root of the numerator and that of the denom- 
inator for the respective terms of the root required. And 
this is the best way, if the denominator be a complete power. 
But if not, then 

2. Multiply the numerator and denominator together; 
take the root of the product : this root, being made the nu- 
merator to the denominator of the given fraction, or the de- 
nominator to the numerator of it, will form the fractional 
root required. 

Thatis,v'£=v:fi=_i. 
b b \/ab 

And this nile will serve, whether the root be finite or infi- 
nite. 

Or 3. Reduce the vulgar fraction to a decimal, and ex- 
tract its root. 



I 

\ 
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EXAMPLK8. 

ii liiequired the square root of 54990^5. 

5499025(2345 the it>6t; 
4 

431149 
31129 

46412090 
4|l856 

4685123425 
123425 



2. liequired the square it>ot of i84*8. 



• • • • 





184»2000(13«5rthc root 




23 84 
3 69 


r 


26511520 
5 1325 




2707 19500 
18949 


• 


551 remainder* 



21 



i 



X 



Ilfl SQUARE ROOT. 

3. Re({iured the square root of 2 to 12 place^r 

2(1^1421356237 4>root. 

2 

24|ioa 

41 d6 

2811400 
11281 

2824111900 
4111296 

28282|60400 
2|56564 

2828411383600 
11282841 

2828423110075900 
31 8485269 

2828^26)1590631(56237 -f 
1414213 



176418 
169706 

6712 
5657 

1055 
849 

206 
198 



8 
4. What is the sywre root of 152399025 



Aiis.l234if 



CUBE ROOT, iOP 

-5. What is the square root of •0003275*? 

Ans. 'OlSOQ. 

€• What is the square root of ^*^ ? Ans. •645497. 

7. What is the square root of 6| ? Ans. 2'5298, &c. 

8. What is the square root of 10 ? Ans. 3>1622rr, Sec. 

TO EXTRACT THE CUBE ROOT. 

RULE.H 

1. Having divided the given number into periods of 3 
figures, find the nearest less cube to the first period by the 
table of powers or trial ; set its root in the quotient, and sub- 
tract the said cube from the first period ; to the remainder 
bring down the second period, and call this the resolvend. 

2. To three times the square of the root, just found, add 
three times the root itself, setting tliis one place more to the 
right than the former, and call this sum the divisor. Then 
divide the resolvend, wanting the last figure, by the divisor, 




* The reason of poindng the given number, as directed in 
the rule, is obvious from Cor. 2, to the Lemma, used in demon- 
strating the Square Root ; and the rest of the operation will be 
best understood fi*om the following analytical process. 

Suppose JV, the given number, to consist of two periods, and 
let the figures in the root be denoted by a and b. 

Then a-f-A|3=a'+3a*A+3ad'+d*=BjV=P given number, and 
to find the cube root of JVis the same as to fiiifi ^e cube root 
of a'-^3a^^+3a^*+^' » the tj^ethod of doi|)g which is as fol- 
lows : 



166^ CUBE ROOT. 



RULE FOR EXTRACTING THE CUBE ROOT 
BY APPROXIMATION.* 

1. Find by trial a cube ncar^ tiK* given number, andcsill 
it the supfwseif cube* 

2. Then twice the supposed cubt added to the given num- 
ber is to t\v ice the given number added to the supposed . 
cube, as the root of the supposed cube is to the root requir- 
ed |ie arty: Or as the first sum is to the difference of the 
given and supposed cube, so is il>c supposed root to the dif- 
ft^rence of the roots nearly. 

3. By taking the cube of the root thus found for the sup- 
posed cube, and repeating the operation, the root will be hauji 
to a still greater degree of exactness. 



* That this rule converges extremely &st may be eaalj 
i»hown thus : 

Let As given number, a'=s supposed cube, and xe=s conrec* 
tion. 

Then ^a^+^AT : 2^l''+a^ i i a i a+x by the rule, and con- 
sequently 8a ^ + Aya+x=s2 JV4-a ^ Xa, orSa' +a+2:^Xa+x 

Or 2o* +2a3x+a*+4a-x+6a»x» +4ffx» +jr*r»Jc^+«*, 
and by transposmg the terms, and diviciiog by 2a. 

.V=»a^+3a^x+Stfx2+x*+x^+^,whicL by neglecting the 

2a 

terms x^ + — , as being very small, becomes A's^n* +8«'x-t- 
2a 

S«x*+x^ac the known cube of o+x. Q. E. I. 



CUBE ROOT. ler 

BXAXPLK8. 

1. It is reqiured to find the cube root of 98003449. 
Let 125000000 = supposed cube, whose root is 500 ; 

Then 125000000 98003449 

2 2 



250000000 196006898 
98003449 12500000a 



348003449 : 321006898 : .: 500 : 

500 
' [root nearly. 

348003449)l60503449000(46l=:corrected root, or 

1392Q1,3796 

2130206940 
2088020694 



4S1862460 
348003449 



73859011 

2. Required the cube root of 2103 5*8. 

Here we soon find that the root Hes betweeo 20 and M^ 
and then between 27 and 28* Therefore 27 being taken, its 
cube b 19683 the assumed cube* Then 

19683 21035*8 
2 2 



rfMMi 



39366 42071*6 
21035*8 19683 



IM CUBE ROOT. 

As 60401*8 : 61754^ ; : 27 : 27*6047 

37 



1 



123509S 

1667S74-2 
e0401«8)1667374*9(87«6647 the root aorijF. 
1906036 



45933S 
432813 



36241 



284 



42 

Again far a second operatioiiy the cube of this root is 
21035*318645155823, and the process by die latter method 
is thus: 

21035*318645, he 

9 



49070-637290 21035«8 

210358 21035*318645, &c. 



As 63106^43729 : diff. ^481355 : : 27-6047 : die diCs 

•000210834 



27*6<|ft910634s 
die loot required. 

3. What is the cube root of 157464 / Ans.54 

4» What is die cube root off? Ans.*763,&c. 

5. What is die cube root of llf ^ Ans. 4-8909r* 



^&r ,,^^ 



> 1^ 
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CUBE ROOT. • Wg 

to EXTRACT THE ROOTS OF POWERS IKf 

GENERAL. 

EULE.* 

1. Prepare the given number for extracdoQ by pcnnting 
off from the units place as the root required directs* 

* 2* Find the first figure of the root by trial^ and subtract 
its power from the^^^Nnen number* 

* This rule will be sufficiently obvious from the work in the 
fell6wing example. 

Extract the cube root of a^+6a'— 40a3+96a^4. 
a«+6a*— 40a*+96fl — 64(0^+30—4 

3o<)6o*(+2o 



tt«+6o» + 12o*+8o3«o«+2o 



!i«+2ax3=3a4+l3o3-f :3o»)— i2o*— 48o3+96o— 64(— 4 

, 3 

o* +6o*— 40a^+96a— 64saafl' 4-30—4 



When the index of the powery whose root is to be extracted] 
h a composite number, the following rule will be serviceable : 

Take any two or more indices, Whose product is the given in- 
dex, and extract out of the given number a root answering to 
one of these indices ; and then out of this root extract a root^ 
answering to another of the indices, and so on to the last 

l*hus, the fourth rootssquare root of the square root. 

The sixth root = square root of the cube root, Sec*. 

. « 

The proof of all roots is by involution. ^ 

82 
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^ To the remaiader bring down die first figure in die 
next period, and call it die dioidtruL 

Am Involve die root to the next inferior power to that» 
V which is given, and muldpty it by the number denoting die 
given power fiw a iGvisor* 

5. Find how matjr dmes the diviscH- may be bad in die 
and die quodcnt w3i be another figure of the root. 



^ 



6» Involve the whole root to the ^vcn power, and sub- 
tract it fiom die given number as befiore. 

T. Bring down the first, figure of die next period Id die 
remainder fiv a new dhridend, to which find a new Avisor. 
and so on, tin the whole be fimshed. 



1. What is the cube root of 53157376 1 

53157376(376 

27=: 



S» X3=27)961 dividend. 



: — ^*3 



3*X3=^4107)25O43 second firidend. 
53157376 



The foOowbig theorems may aooietiaies be found useful in es- 
lwctingtberootofa¥u|g«rftaction;v^— --^•--^•*— * 

9 
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«r umiersaUf , j[ ^•" •* 



I* 







a. Wh8t is the biquadrale root of 19987173376? 

Ana. 376. "1 

3. Extract the sureolid, or fifth root, of 30768282110671 
5625. Ans. 3145. 

4. Extract the square cubed, or sixth root, of 43572838 
1009267809889764416. An3. 27534. 

5. Find the aeventli root of 3448771746730-513182492 
153794673. Ads. 32017. 

6. Find the eighth root of 112101626132047623624649 
79+2460481. Ana. 13527. 

TO EXTRACT ANY ROOT WHATEVER BY 
APPROXIMATION. 



1. Assume the root nearly, and raise it to the same pow- 
er with the given number, which call the assumed poxver. 

2. Then, as the sum of the assumed power multiplied by' 
the index more 1 and the given uiimber multiplied by the 
index less 1, is to the sum of the given number multiplied 
by the index more 1 and the assumed power multiplied by 
the index less 1, so is the assumed root to the required root. 

Or, as half the first sum is \o the difference between the ] 
given and assumed powers, so is the assumed root to the ] 
ditference between the true and assumed roots j which d 
fcrence, added or subtracted, gives the true root nearly. 

And the operation may be repeated as often as we plea 
by using always the last found root for the assumed root, I 
and its power as aforesaid for the assumed power. 



1 
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EXAMPLES. 

1. Beqiured die fifth root of 21035-8. 

Here it qqiearB, that the fifth root is between 7*3 and 7m 
7'*3 being taken, its ^ftdi power is 20730*71593« Henc^dic 

21035*8 ^ pven nimdber. 
20730*716 =? assumed power. 



I' 



.¥ 



305084: 


=E diflference. 




5 =r index. 
5+1=6 


a0730«716 
3 


21035*8 

• 

2 


4^2=2 


62192*148 
42071*6 


42071*6 

• 




104263*748=sj 


\ die first sum. 



*■. 



104263*7 : 305^(184 : ; 7*3 ; *Q913G0^ 

7^3 



v^ 915252 

2135588 



104263*7)2227*1132(O213604 = di£Ferencc. 
208527 7*3 



141 84 7*321 360 = root, 
10426 true to the last figure^ 

3758 
3128 

630 
626 
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ARITHMETICAL PROGRESSION. IfS 

I. What is the third root of 2 ? Ans. 1*259921. 

i. What is tbe sixth root of 21035*8 i Ans. 5«2540Sr. 
U What is the seventh root of 21035*8 i An9* 4*145392« 
S. What is the ninth root of 21035*8 i Ads. 3'022239. 



ARITHMETICAL PROGRESSION. 

Ant rank of numbers, increasmg by a common excess or 
:reasing by a common difference, is said to be in Arith- 
tical Progression ; such ^ the numbers 1, 2, 3, 4, 5, &c« 
S», 3, 1 ; and *8, *6, *4, *2. Wl^en the numbers increase 
y form ah ascending series ; but when they decrease, they 
m a descending series^ 

Pie numbers, which form the series, are called the terms 
lie progression. 

\ny three of the Jive following terms being g^yen, tl^p 
ler two may be readily found. 

I. The first term, ") commonly called the 

J. The last term, i extremes. 

3. The number of terms, 
k T^ie common difference. 
!». The sum of all the terms« 

% 

PROBLEM 1. 

e first term J the last term, and the number ofterm^ being 
given, tojindfhc sum of all the terms^ 



ir4 ARITHMETICAL PROGRESSION. 

RULE.* 

5 

Multiply the sum of the extremes by the number of teraft, |'|i 
and half the product will be the answer* 

EXAMPLES. 

1. The first term of an Arithmetical Progression is 2, thj 
last term 53, and the number of terms 18 ; required die ^uq 
of the series. 

■ 

2 

55 
18 



440 
55 

2)990 

405 



Or, 



53-1-2x18 



.=495 the answer* 



* Suppose another series of the same kind with the given one 
be placed under it in an inverse order ; then will the sum ofe? • 
ery two corresponding terms be the same as that of the first 
and last ; consequently any one of those sums, muluplied by tbe 
number of terms, must give the whole siun of the two seriesj 
and half that sum wiU evidently be the sum of the given series: 
thus. 

Let 1, 3, 3, 4, 5, 6, 7, be the given series ; 

and Ty 6, 5, 4, 3, 8, 1) the same inverted ; 
then 8+8+8-|-8+8+3+8a8x7aB56 and 1-f 3+4+14^ 
+7«.Va88. Q.E. D. 
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.iiAtllTHMETICAL PitOQRESSlOlf. Iti 

* 

5t. The first term is 1, the last term 21, and the number 
of terms 11 ; required the sum of the series. Ans* 121« 

3. How matiy strokes do the clocks of Venice, which go 
to 24 o'clock, strike in th^ compass of a day i 

Ans. 30a 

4. If 100 stones be placed in a right line, exactly a yard 
asunder, and the first a yard from a basket, what length of 
ground w^U that man go, who gathers them up singly, re-^ 
turning with them one by one to the basket i 

Ans. 5 miles and 1300 yards. 

FROBLEM 2. 

Thejirst term, the last ternij and the number of terms being- 
giveny to jind the common difference* 

&ULS. 3.* 

Divide the difference of the extremes by the number of 
terms less 1, and the quotient will be the common difference 
sought. 

SXAMFLES. 

1. The extremes are 2 and 53, and the number of terms 
is 18 ; required the common difference. 



^ The difference of the first and last terms evidently showsr 
the increase of the first term by all the subsequent additions, 
till it becomes equal to the last ; and as the number of those ad- 
ditions is evidently one less than the number of terms, and the 
increase by every addition equal, it is plain, that the total in- 
crease, divided by the number of additions, must give the differ- 
ence at every one separately ; whence the rule is manifest. 
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53 






18 


2 






1 


17)51(3 






17 


51 




Or, 






53—^. 


-51«. 


\ the answer* 



18 — 1 17 

2« If the extremes be 3 and f 9, and the number of terms 
9, it b required to find the common difference, and the sum 
6f the whcde series* 

Ans. The difference is 2, and the sum is 99* 

3. A man is to travel from London to at certain place 91 
12 days, and to go but three miles the first day, increasing 
every day by an equal excess, so that the last day's journey 
may be 58 miles ; required the daily increase, and the dis- 
tance of the place from London.. 

Ans. Doily increase 5, distance 366 miles* 

PROBLEM 3. 

Ghen the first terntj tlie last terniy andtlie common<I\ffercru:e^ 

to find the number of terms * 

RULE.* 

Divide the difference of the extremes by the common dif- 

* By the last problem, the difference of the extremes, divid* 
ed by the number of terms less 1 , gives the common difference ; 
consequently the same, dirided by the commoB difference, must 
give the number of terms less I ; hence this quotient, augment- 
ed by 1, must be the answer to the question. 



ARITHMETICAL PROGRESSION. in 

ference, and the quotient, increased by 1, is the number of 
terms required. 

BXAMPLES. 

U The e^remes are 2 and 53, aud the common difference 
3 ; wliat is the number of terms ? 

53 
2 

3)51 

17 Or, 

^ fizii+lrrlS the answer* 
— 3 

18 
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In any Arithmetical Progression, the sum of any two of its 
terms is equal to die sum of any other two terms, taken at an 
equal distance on contrary sides of the former ; or the double 
of any one term is equal to the sum of any two terms, taken at 
an equal distance from it on each idde. 

The sum of any number of terms (n) of the arithmetical se- 
ries of odd numbers 1> 3, 5, 7, 9, &c. is equal to the square (n^) 
of that number. 

That is,'if 1, 3, 5, 7, 9, 8cc. be the numbers, 
Then will 1, 3>, 3>, 4*, S*, 8ca. be the sums of 1, 3, S, Sec. of 
those terms. 

For, 0+ 1 or the sum of 1 term &» 1' or 1 
1 +3 or the sum of 3 terms «& 2^ or 4 
4+5 or the sum of 3 terms nes 3' or 9 
9+f or the sum of 4 terms a 4> or 16, 8cc. 

Whence it is plain, that, let n be any number whatsoever, the 
outfit of n terms will be n'. ^ 

' The following table contains a summary of the whole doctriife 
ef Arithmetical Progression. 

2S r 



irs ARITHMETICAL PROGRESSI(»f. 

S. If the extremes be 3 suid 19, and th« common £fa>' 

ence 2, what is the number of terms ? Ajis> I 

3* A man, going a journey, travelled the first day 5 nul 
the last day 35 miles, and increased his journey every diy 



Casks or ^MimyrBricji. ^Jto^^K^ssiOH. \ 


Uuse 


Giv. 


Heq. 


&OWU01.. 


■ 


Brfn- 




-ZTTxrf+a- 






«Xa+lJ — iX- 


3 


od/. 




I— a 




l+a X i—a+d 
2d 


3 

4 






%d 






2 




7+7x^^ 

-It i + A 


/ 




3 


mitf 




1— IX« 
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ARITHMETICAL PROGRESSION. 1» 

-Jiy 3 mile^i how many days did he tmvelf Ans. 11 days. 



Case 
6 


Giv. 

aln . 


lleq 


Solution. 


d 


- '=1. 


• 


2 


7 


dnl . 




^__,;rrrx d. 


=— 




„.-=;. i. 


8 


md' 


. ix;;=i 


I 


5 dxn~l 
n 2 


9 


dU ' 


' 


3 


" 




2d 


10 


,„, 


- 


f _/. 


d 


2X1/— » 


To = least term. 
n = number of lei-ms. 
nere< ■ =sumt(falltbeterm8. 
1 d = common difference. 
L/= greatest term. 



Iff2 GEOMETRICAL PROGRESSION. 

2* The extremes of a geometrical progression are 1 and 
<^5i36| and the ratio 4 ; what is the sum of the aeries ? 

Ans* 8738U 

3. The extremes of a geometrical series are 1024 and 
^9049, and the ratio is 1| ; what Is the sum of die series ? 

Ans. 175099, 

PAOfiLEM 2. 

Given the first term and the ratio^ to Jind any otfier term 

assigned. 

RULE.* 

1. Write a few of the leading terms of the series, and 
place their indices over them, beginning widi a cypher* 

2* Add together the most convenient indices to make an 
index less by 1 than the nutpber, expressing the place of tbc 
term sought. 

3* Multiply the terms of the geometrical series together^ 
belonging to those indices, and make the product a dividend. 



* Demonstration. In example 1, where the first term it 
equal to the ratio, the reason of the rule is evident ; for as every 
term is sonie power of the ratio, and the indices point out the 
itumber of factors, it is plain from the nature of multiplicadoo, 
that the product of any two terms will be another term corresr 
ponding with the index, which is t^e supi of the ind|ces standing 
ever those respecdve terms. 

And in the second example, where the series does not beg^ 
with the ratio, it appears, that every term after the two first con- 
tuns some power of the ratio, multiplied into the first term, mi 
therefore the rule, in tliis case, is equally evideQt. 



GEOMETRICAL PROGRESSION. 



\l83 



4. Raise the first term to a power, whose index is 1 less 
than the number of terms mukiplied, and make the result a 
divisor. 



The following table conttdns all the possible cases 6f Geo- 
metrical Progression. 
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Cases of Geometrical Progression. 



Cast 



Giv. 



Heq.l 



/ 



arw^ 



I. 



s 



s 



arl < 



n 



3 ars < 



I 



n 



asl 



n 



boiution. 



flfr"-». 



.11-1 



r— 1 



Xan 



I 



r—1 



Z, / — i, a 



+1. 



■■ I »■ 



r — \xs+a 



V — \xs+a — Z,a 



i, r 



s—l 



Z, / — Z,a 



Z,« — a^'^LjS — / 



=.+ 1 



,^ 



¥ 
1 



ItJ 



GEOMETRICAL PROeRESSION.i 



5. Divide the dividend by the divisor, and die quotieoC 
will be the term sought. 

Note. When the first term of the series is equal to the 
ratio, the indices must begin with an unit, and the indices 
Added must make the entire index of the term required; and 




GEOMETRICAL PROGRESSION. 

ttie product of the different terms, found as before, will ^ve | 
the term reqiured. 

SXAHPLKS. 

1. The first term of a geometrical series is 2, the number 
bf terms 13, and the ratio 2 ; required the last term. 

1,2,3,4, 5, indices. 

2, 4, 8, 16, 32, leading terms. 
Then 4+4+3+2 = index to the 13th termi 
And 16x16x8+4 = 8192 the answer. 

In this example the indices must begin with 1, and such 
gf them be chosen, as Will make up the entire index to the 
tenn required. 





9 


Giv. 


Heq. 


tjolution. 




rk < 




s — rXs — 1. 
















10 


nls- 




axs — o\*~^=ix s — i\"~ ' ■ 






' +7::/ -l-s 




fa = least term. 
/ = greatest term. 

Here J ^ ~ *"*" "^^ ^" ^^^ terms. 
] n = number of terms. 

r = ratio. 
LZ= Logarithms. 



186^ GEOMETRICAL PROGRESSION. 

2. Required the 12th term of a geometrical series, whose 
first term is 3, and rauo 2. 

0, 1, 2, 3) 4, 5, 6, indices. 

3, 6, 12, 24, 48, 96, 192, leading terms. 
Then 6+53 index to the 12th term. 
And 192X96=18432 = dividend. 

The number of terms multiplied is 2, and 2 — 1=1 is the 
power, to which the teim 3 is to be raised ; but the first pow- 
er of 3 is 3, and therefore 18432-4-3=6144 the 12th term 
required* 

3. The first term of a geometrical series is 1, the ratio 2, 
and the number of terms 23 ; required the last term. 

Ans. 4194q04. 

QU£STIOJ\rS 

TO BE SOLVED BT THE TWO PRECEDING PROBLEMS. 

1. A person being asked to dispose of a fine horse, said 
he would sell him on condition of having one farthing for 
the first nail in his shoes, 2 farthings fi^r the second, one 
penny for the third, and so on, doubling the price of eveiy 
nail to 3'2, the number of nails in his four shoes ; what would 
the horse be sold for at that rate ? 

Ans. 44r3924l. 5s. 3ld. 

2. A young man, skilled in numbers, agreed with a fanner 
to work for him eleven years without any other reward than 
the produce of one wheat com for the first year, and that 
produce to be sowed the second year, and so on from year 
to year till the end of the time, allowing the increase to be 
in a ten fold pioportion ; wl.at quantity of wheat is due for 
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»uch service, and to what does it amount at a dollar per 
bushel ? 

Ans. 226056-} bushels, allowing 7680 wheat com^ to be ^ 
pint ; and the amount is 296056^ dollars. 

3. What debt will be dischar^d in a year, or twelve 
months, by paying $ 1 the first month, jB 2 the second, S 4 
the third, and so on, each succeeding payment being double . 
^e last ; and what will the last payment be ^ 

Ans. The deb|: is $ 4095 and the last pt^yment 2 2048, 



. SIMPLE INTEREST. 

Interest is the premium, allowed for the loan of money. 

The sum, which is lent, is called the principal. 

The sum of the principal and inte^-est is called the amount. 

Interest is allowed at so much per cent, per anr\um^ which 
premium per cent, per annum^ or interest of lOOl. for a year, 
)8 called the r^te of interest. 

Interest is of two sorts, simple and compound. 

Simple Interest is that, which is allowed only for the prin- 
cipal lentf 

NoT£. Commission, Brokerage, Insurance, Stocks,"^ and, 
in general, whatever is at a certain rate, pr sum per cent, 
sire calculated like Simple Interest. 



^H"*** 






* Btoek is a general name for public funds, and capitals of tra- 
^ng companies, th^ shares of which are transferable from one^ 
person to another. 



18t SIMPLE INTEREST. 

!• Mulliply the principal by the rate, and divide the pro^ 
duct by 100 ; and the quotient is the an3wer for one year^ 

2. Multiply the interest for one year by the given nuni})er 
of years, and the product is the answer for that time. 

3. If there be parts of a year, as months or days, work 
for the months by the aliquot parts of a year, and for tb« 
days by Simple Proporticm* 

EXAMPLES. 

1. What is the interest of 450L for a year, at 5 per cent 
per annum ? 

4501. 
5 



1,00)22-50 

20 

■ I 

lOOO Ans. 22L and /^V = tV = *^ = 1^« 

2. What is the interest of 7201. for 3 years, at 5 per c^t^ 
per annum; ^ 

7201. 36 

5 3 

36-00 1081. Ans. 

S. What is the interest of 107h for 117 days, at 4J per 
cent, per annum i 

1071. 5 1 7 3*2 5 17 3'a 

4| 11 7 



■•■.i 



^ The rule is eyidently an application of Simple PtoportiQi^ 
and Practice. 
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428 




55 18 


1 3*2 35 11 6 2-4 




53 


10 




10 




26 
-1 1 Y 


15 






jixio+r= 


559 1 
35 11 


6 
6 2*4 


5-08 


5 




20 






_ 




1-65 




365)594 13 2-4(lL 1^ TrfrA 
365 the answ^« 




12 




229 






r-80 




20 






4k 








• 


3'2p 




)4593 
365 


h 
\ 


2*4=: 2f= 


Jd. 




943 
730 




ll=l 






213 


4 


• . 




12 


f 








)2556 


\ 








2555 






H 




4, What 


is the interest of $ 607-50 for 5 years, at 6 pet 


pent* per annum ? 






Ans. 8182-25. 



5. What is the interest of 21 dh from Feb. 12, to June 5, 
1 796, it being leap year, at 3| per cent, per annum ? 

Ans. 2L 6s. 6d. Sr^^^^q. 

SIMPLE INTEREST BY DECIMALS. 

• ■ ■ • • • 

RULE.* 

Multiply continually the principal, ratio, and time, and it 
will give the.interest required. 

■ Ill ■! ■ !■! Ill I I Ml^l M^M I I ■■!! I I — —- TWWni IHI f 

* The following theorems will show all the posuble cases of 
Simple Interest, where jfi a principal, t ■» time, r s ratio, and 
jf as amount. 



»8 BROKERAGBi 



« • 



BROKERAGE; 

f 

BmoUEAOt is an allowaiice of so much per cent, toi 
penoD, called a Broker, for assisting merchants or &cton H 
procuritt|; or dbposing of goods. 

« 

XXAlfPLKS. 

i« "What is the btokerage of 61(A* at 5s« or } pe# ceAi? 

5s. is I 610L 

1*52 10 
20 



1O50 
12 



6*00 Ans. IL 10s. 6d. 



SU If i allow my broker 3^ per cent, what ihay he (le- 
mand| when he seUs goods to the value of 8r6L 5s. lOd. ? 

Ans. 3iL 17s. 24d. 

5. What is the brokerage of 8r£M.^8s. at ^ per cent. ? 

Ans. 31. 5s. ll|d. 



I . 



INSURANCE. I9S 



INSURANCE. 

INSURANCE is a pretnium'Gff so much per cent, given to 
certain persons and offices for a security of making good the 
loss of ships, houses, merchandize, &c which may happen 
from storms, fire, Stc 

fiXAMI'LES. 

i. What is the insurance of 8741. 13s. 6d. at 13| per 
cent*? 

874L 13s. 6d. 
12 



10496 


2 





874 


IS 


6 


437 


6 


9 


11808 


2 


3 


20 






t* 







1*62 
12 

7*47 

4 

1*88 Ans. 118L Is. 7}d. 

2. What is the Insurance of 9001. at 10| per cent. ? 

^Ans. 96L 15s. 

S. What is the insurance of t20ClL at 7f per cent. ? 

Ans. 9lL 10s. 

35 



iM oncouifT. 

4L 10b 



13 10 
100 



10 : : 573 15 
20 



Mro 270 11475 

270 



113 10 


: 13 


20 


20 



♦ 



803250 
22950 



227^)309825 
82Ci 



-(2,0) 
fii 136^4 



1472 68 4 
1105 
.197 
IS 



227)2364(10 
94 

4 



376(1 
149 

Ans. 68L 4s. 10^ 



2. What i^ the present worth of 1501. payable in | of a 
year, discount being at 5 per cent. ? 

Ans. 148L 2s. ll^d. 

3. Bought • quantity of goods for 1501. ready moneyi 
and sold them again for 200L payable at | of a year hence; 
what was the gain in ready money, supposing discount to be 
made at M per cect. ? A|is. 42L 15s. 5d« 



DISCOUNT. 



W 



4. What is the present worth of 1201. payable as follows, 
viz. 501. at 3 months, 501. at 5 months, and the rest at 8 
;nonths, discount being at 6 per cent. ? 

Ans. 1 irL 5s. S\df 

DISCOUNT BY DECIMALS. 

RULF.* 

As the amount of IL for the given time is to ll. so is die 
interest of the debt for the said time to the discount requir* 
ed* 

Subtract the discount from the principal, and the remains 
der will be the present worth. 

. . ^ < . ... 

* Let m represent any debt^ and n the time of payment ; then 
^erill the following Tables exhibit all the variety^ that can happen 
with respect to present worth and discount. 



Of TH* FRtLSRKt Wosrs'oT MoMET TAID BEFORE IT IS 

^ j>vit AT Simp Ln Ijf^Bxnsr, 


The present worth of any sum m. 


Rate per cent. 


For ft years. 


n months. 


71 days. 


r per cent. 


lOOm 
nr+ 100 


1200m 
nr+ 100 


36500m 
nr+36500 


3 per cent 


lOOm 
3ft+lOO 

• 


400m 
w+400 


36500m 
3n+36500 


4 per cent. 

• 


25m 
«+25 


300m 
n+SOO 


9125m 
n+9125 


5 per cent. 


20m 
n+20 


240m • 
11+240 


7300m 
12+7300 



• .« . 



•xH 



19$ 



DIBCOUNT. 



JSXAMPLES. 

What is the discount of 57$h 159. due 3 years hence, at 
4^ per cent, per annuii;i ? 

*045X3+l=l«135=Amount of ll. for th^ ^iyen time. 

And 573*r5X'045X3=rr-45625=inter(Bst.of the debt for 
>the given time. 

1-135 : 1 : : 77*456^5 : 
l-135)rr-45625(68*243 
6810 



9350 
9080 

2762 
2270 



W^^^^^^^^^Sj:^"^^^^^^^ 




^. 




■Of Discount's to bb allowed for 'fating of MonstJ: 

BBFORK IT BKCOVKS DUB AT S/UBLB IhTBSBS^. 



The discount of any sum m. 



X 



»•" 



Rate per cent. 



r per cent 



3 per cent. 



4 per cent. 



5 per cent. 



For n years. 



^-^^ 



mnr 



nr+ 100 



^^ 



Smn 



311+100 



mn 

n+ai" 



mn 
n+20 



n months. 



mnr 



nr+ 1200 



mn 



94-400 



mn 
n-fSOO 



mn 
n+340 



n days. 



mnr 



nr+36500 



3mn 



3n+36500 



mn 



11+9125 



m0f 



mn 



n+7S00 



1 



yj 



EQUATION OF PAYMENTS. \99 

4925 
4540 



3850 
3405 

C8*2433:68L 4s. lO^d. Ans. 445 

2. What is the discount of 7251. 16s. for five months, at 
S| per cent, per annum ? Ans. 111.. 10s. 7jd. 

3. What ready money will discharge a debt of 13751. 
13s. 4d. due 2 years, 3 quarters and 25 days hence, dis- 
counting at 4| per cent, per annum ? 

Ans. 12261. 8s. 8|d. 



EQUATION OF PAYMENTS. 

Equation of Payments is the findipg a time to. pay at 
once several debts, due at different times, so that no loss 
shall be sustained by either party* 

EULB.* 

Multiply each payment by the time, at which it is due ; 
then divide the sum of the products by the sum of the pay^ 
ments, and the quotient will be the time required. 



* This rule is founded on a supposition,. that the sum of the 
interests of the several debts, which are payable before the equa- 
ted time}, from their terms to that time, ought to be equal to the 
sum of the interests of the debts payable after the equated time, 
from that time to their terms. Among others, who defend this 
principle^ Mr. Cocker endeavours to prove it to be f!|;ht by 



t 



»00 EQtJATION OF PAYMENTS.v 

EXAMPtES. 

1. A owes B 190(« to be paid as follows, viz* StiL in o 
months, 60L in 7 months, and 80L m 10 months ; what is 
thejbquated time to pay the whole i 

t' 

t. , . . . ■ . 

.' ipis argument ; that what is guned bj keeping some o# the dtbti 
# l^^er they are due, is lost by paying others before they are doe. 
But this cannot be the case ; for, though by keeping a debt un- 
paid after it is due there is gained the interest of it for that timet 
yet by paying a debt before it is due the payer does not lose thi/ 
interest for thfit time, but the discount only, which it less than* 
the interest, and therefore the rule is not true. 

Although this rule be not accurately true, yet in most 4ues«' 
tions, that occur in business, the error is so tnfling, that it will 
be much used. 

That the rule is univqi'sally agreeable to the suppositioft may 
be thus demonstrated. 1^ 

d s first debt payable^ arid the distance of its term of 
payment /. 
Let 'i DsK last debt payable, and the distance of its term T. 



I X KB distance of the equated time. 



r s= rate of interest of 11. for one year. 

r The distance of the time t and x 
Then, since x lies be- J is =s x — t. 

tween T and t j The distance of the time T and x 

L is = r— r 

Now the interest of d for the time x— / is x^-^txdr ; an d th^ 

interest of D for the time iT— o? is T-y^y.Dr / therefore x^ 

XdrssT'.-^XDr by the supposition ; and from this cquatifiii 

DT+dt 
X is found « _ . . i which is the rule. And the same migbt 

JJ-^-d 

he shown of any number of payments. . 

The true rule is given in eqiiation of payments by dedmalfc 
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50X fc=300 

60X r=420 
80JK 10=800 

50+60+80=190)1520(8 

1520 Ans. 8 months. 



^ A owes B 521. 7s« 6d. to be paid in 4^ months^ 80L 
.08* to be paid in 3| months, and 761. 2s« 6d. to be paid in 
I months ; what is the equated time to pay the whole ? 

Ans. 4 months, 8 daysi* 

3* A owes B 240L to be paid in 6 months, but in one 
month and a half pays him 60L and in 44 months after that 
301. more ; how much longer than 6 months should B in 
equity defer Ae rest ? Ans. 2*7 months. 

4. A debf is to be paid as follows, viz. ^ at 2 months, {. 
at 3 months, | at 4 months, | ^t 5 months, and the rest at 7 
montly ; what is the equated time to pay the whole ? 

Ans. 4 months and 18 days. 

EQUATION OF PAYMENTS BY DECIMALS. 

Two debts being' due at different times^ tojind the equated 

time to pay the -whole* 

RULE.* 

1. To the sum of both payments add the continual pro* 
duct of the first payment, the rate, or ifiterest of IL for one 

* No rule in Arithmedc has been the occasion of so many 
Hsputes as that of Equation of Payments. Almost every writ- 
er on this subject has endeavoured to show the fallacy of the 
^^lethods, used by other authors, and to substitute a new one in 

lieir stead. But thd only true rule seems to be that of Mr. 

26 



30« EQUATrON OF PAYMENTSl 

year, and the time between the payments, and call this tfc 
first number. 

'2. Multiply twice the first payment by the rate, and call 
this the second number* 



Malcolm, or one similar to it in its essential principles, deriv- 
ed from the consideration of interest and discount. 

The rule, given above, is the same as Mr. Malcolm's, ex- 
cept it is not encumbered with the time before any payment is 
due, that being no necessary part of the operation. 

Demonstration of the Rule. Suppose a sum of money 
to be due immediately, and another sum at the expiration of a 
Certain given time, and it is proposed to find a time to pay the 
whole at once, so that neither party shall sustun loss. 

Now it is plain, that the equated time must fall between t&ose 
of the two payments ; and diat what is got by kee]^ng the firrt 
debt after it is due, should be eqnal to what is lost by paying 

the second debt before it is due. 

■ » 

But the gun, arising from the keeping of a sum of money 
after it is due, is evidently equal to the interest of the debt for 
that time. 

And the lossr which is sustained by paying of, a sum of mo- 
ney before it is due, is evidently equal to the disconnt of the 
debt for that time. 

Therefore it is obvious^ that the debtor must retsdn the som 
immediately due, or the first payment, till its interest shall be 
equal to the discount of the second sum for the time it is^paid 
before due ; because, in that case, the gain and the losa willbe 
equal> and consequently neither party can be loser. 

Now lo find such a time, let a as first payment, 6r =s seoondr 
and i sb time between the payments ; r = rate^ or interest 
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d« Divide the first number by the Seconal, and call the 
.•quotient the third number* 



ih for one year^ and x = equated time afler the first payraei^it. 
Then arx ■« interest of a* for x time^ 

and — r-fssdiscountx>f 6 for the time / — x* 

' btv^^^vx 
But arx ^--. . — by the question, from which equation 



X is found ^t±tt^+±t^±^ 



2ar 2ar 



bt 



ar 



1 



Let fZUELIbe put equal to n, and — s= m. 
2ar ar 

Then it is evident, that n, or its equal n^P is greater than 



7i>.^-.m|y^ and therefore x will have two affirmative values, the 



1 



.... .8 ^ . 2 



.i 



iquantides w+n — m and n — n — m\ being both positive. 

But only one of those values will answer ihe condidons of the 
ij'uestion ; and, in all cases of this problem^ x will.b^ s^n-** 



« .1 



For suppose the contrary, and let x = n+n — wp^. 



1 ^1 |i 



Then t'r^x=it'^'^''^n — wj =sf_i2 — n — 77i| ?= 

Now, since a-f6+arrx-T — =«, and A/x am, we shall 

2ar ar 

have from the first of these equations /*— 2^n=— -A/— a^ X~r 






and consequently tT^^esn*-, — d/— r<i/X~ 

-» ar 

But »*— A/X— * is evidently greater than n^— A/— a/X~ ^, 

re ari 

1 '■ ""'i — Til 

^d therefore n*--JJ;x-^ »— n* — be — fl/x-^P,or itsequal r— cr, 



S04 EQUATION OF PAYMENTS. 

4* Call the square of the third number the fourth numbert 

5. Divide the product of the second payment, and time 
between the payments, by the product of the first payment 
and the rate, and call the quotient the fifth number. 



must be a negative quantity ; and consequently x will be great- 
er than r, that is, the equated time will fall beyond the second 
paymenti which is absurd. The value of x therefore capnot 

, but must in all cases be* 



be = g+^+a^y- c+^+Q^^ 



2ar * 2ar 



* bt 



ar 



at 



, which is the same as the rule; 
3ar 2ar 

From this it appears, that the double sign, made use of by 
Mr. Malcolm, and every author since, who has given his me- 
thod, cannot obtain, and that there is no ambiguity in the prob- 
lem. 

In like manner it might be show&9 that the directions, usually 
given for &uiing the equated time, when thei^ are more than 
two payments, will not agree with the hypothesis ; but this may 
be easily seen by working an example at large, and examining 
the truth of the conclusion. 

The equated time for any number of payments may be read- 
ily found when the question is proposed in numbers, but it would 
not be easy to give algebraic theorems for those cases, on ac- 
count of the variation of the debts and times, and the difficulty 
of finding between which of the payments the equated time 
would happen. 

Supposing r tobe the amount of 11. for one year, and the otb- 

er letters as before, then / — % will be a general theo- 

rem for the equated time of any tvro payments, reckoning com- 
pound interest, and is^found in the same manner as the foimer. 



EQUATION OF PAYMENTS. 3D5 

^ From the fourth number take the fifth, ^nd qill the 
square root of the difference the sixth number. 

7* Then the difference of the third and sixth numbers is 
the equated time, after the first payment is due. 



EXAMPLES. 

1. There is lOOl. payable one year hence, and 105l. paya- 
ble 3 years hence ; what is the equated time, allowing sim- 
ple interest at 5 per cent, per annum ? 



100 




100 


•05 




2 


5-00 


• 


200 


2 


- 


•05 


10-00 


10*00: 


100 




• 


105 


• 
number. 




0)21 5= 1st 




21»5=:od number. 




21-5 






1075 


J 


215 
430 


♦ 


• 



i4.62*25=4th number. 105 

2 



1st payment X.rate = 5)210 



42=5th number. 



906 COMPOUND INI^EREST. 

463*25 ^1-5 

42 (20'5=6th number. 



, , . 1= equated time from the £rst 

420*25(20"5 payment, and ••• 2 jrears = 

4 whole equated time. 

■\ 

405)2025 
2025 

e. Suppose 4001. arc to be paid at the ead of 2 years, and 
21001. at the end of 8 years ; what is the equated time for 
one payment) reckoning 5 per cent, simple interest f 

Ans. 7 years. 

S. Suppose dOOL are to be paid at one year's end, and 
30CL more at the end of 1^ year ; it is required to find the 
time to pay it at one pa3anent, 4 per cent, simple interest be« 
ing aljoved ? Ans. 1 ?248437 yeai-f 



COMPOUND INTEREST. 

Compound Interest is that, which arises from the prior 
cipal and interest taken together, as it becomes due^ at the 
end of each stated time of payment. 

BULE.* 

1. Find the amount of the given principal for the time of 
the first payment by Simple Interest. 

2. Consider this amount as the principal for the second 



* The reason of this rule is evident from the definition, and 
the principles of Simple Interest. 



\ *iA4 . 



COMPOUND INTEREST, 307 

payment, whose amount calculate as before, dipd so on 
through all die pa}rments to the last, still accounting the last 
amount as the principal for the next payment. 



EXAMPL2S. 

1. What is the amount of 320L 10s« for 4 years, at 5 per 
cent, per annum, compound interest i 

1 

7|^)32Cd. 10s. 1st year's principal. 

16 . 6d. 1st year's interest. 

r^)336 10 9 2d year's principal. 

16 16 6| 2d year's interest, 

'ijf)^53 7 0| 9d year's principal. , 

17 13 4 3d year's interest. 

Ti*^)3ri 4^ 4th year's principal. 

18 11 4th year's interest. 

589 11 4^ whole amount, or answer required. 

2. What is the compound interest of r60L 10s. forbom 4 
years, at 4 per cent. ? Ans. 1291. 3s. 6^d. 

3« What is the compound interest of 410l. forborn for 2^ 
years, at 4| per cent, per annum ; interest payable half- 
yearly ? Ans. 48l. 48. llfd. 

4. Find the several amounts of 5(S. payable yearly, half- 
yearly, and quarterly, being forbom 5 years, at 5 per cent, 
per annum, compound interest. 

Ans. 631. 16s. 3|d. 641. and 641. Is. 9^^. 



iOH COMPOUND INTUtESt. 

COBtPOUND INTEREST BT DECIMALS. 

* 
« 

1. Find the amount of iL for one year at the given rate 
per cent. 



* DsMOirsTBATiON. Let r = amount of 11. for one year, 
2SDdfi =s principal or g^ven sum ; then ance r is the amount of 
IL for one year, r^ will be its amount for 3 years, r ' for 3 years, 
and 8o on ; for when the rate and time are the sane, all princi- 
pal sums are necessarily as their amounts ; and consequently 
as r is the principal for the second year, it wiU beas 1 :r z :r 
: r' SB amount for the second year, or principal for the third ; 
and again, as 1 : r : : r* : r ^s amount for the third year, or 
principal for the fourth, and so on to any number of years* And 
if the number of years be denoted by r, the amount of IL for r 
years will be r^. Hence it will appear, that the amount of any 
other principal sutafi for / years is/^r^ ; for as 1 : r' : : /^ : fir^j 
the same as in the rule. 

If the rate of interest be determined to any other time than a 
year, as ^, |, See. the rule is the same, and then i will represent 
that stated time. 

V as amoi^t of II. for one year at the given rate per 

cent. 
ft ss principal or sum at interest. 
^®^i f « interest. 
/ = time. 
VI as amount for the time i. 

Then the followbg theorems will exhibit the solutions of all 
the cases in compound interest. 



COMPOUND INTEREST. • ^CfV 

0, Involve the amounti thus foiind> to such a powers as is de* 
noted by the number of years. 

I. ^r*=Bm 11^ fir^^^^Mai. 



"I. ^ ^. IV. ^ 



f. 



The most convenient way of giving the theorem for the ftW, 
as well as for all the other cases, will be by logarithms^ as ibl- 
lows. 

I. tXlog. r+log.fi^log. m. IL log. tn^-^Xlog. mslog.fi, 

III ^Q^'^w -^Q^.^ , iv log.ni.^-4Qg.fi 

log. r t ^ 

If the compound interest, or amount of any sum, be required 
for the parts of a year, it may be determined as follows. 

I* When the time, ia any aU^ot fiart of a year, 

RULE. 

1. Find the amount of 11. for one year, as before, and that 
root of it, which is denoted by the aliquot part, will be the 
amount sought. 

3. Multiply the amount, thus found, by the princip^, and it 
will be the amount of the given sum required* 

II. Jf hen the time ia not an aU^uqt fiqrt of a ye^r, 

BULK. 

1. Reduce the time into days, and the 365th root of the 
amount of 11. for one year is the amount for one day. 

2. Raise this amount to that power, whose index is equal to 
the number of days, and it will be the amount of 11. for the g^vv 

ea time:* 

^7 
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2. What is the amount of fGOl. 10s. fo? 4 years, at 4 per 
ent. ? Ans. 8891. 13s. 6|d. 

3. What is the mount of T2\l. for 21 years, at 4 per cent. 
€r annum ? Ans. 16421. 19s. lOd. 

4. What is the amount of 2171. forborn 2|. years, at 5 per 
ent. per annum, supposing the interest payable quarterly ? 

Ans, 242L 13s. 4|d. 



ANNUITIES. 

An Annuity is a sum of money payable every year, for 
; certain number of years, or forever. 

When the debtor keeps the annuity in his own hands, be- 
ond the time of payment, it is said to be in arrears* 

The sum of all the annuities for the time they have been 
orborn, together with the interest due upon each, is called 
he amount. 

If an annuity be to be bought off, or paid all at once, at 
he beginning of the first year, the price, which oueht to be 
;iven for it, is called the present worth* . 



Tojifid the amount of an Annuity at Simple Interest* 

KULE.* 

1. Find the sum of the natural series of numbers 1, 2, 3, 

KC to the number of years less one. ' 

- - . '■ 

: * DsMONSTRATloif. Whatever the time i^ there isliue up- 
n the first year's annmty^ afr many yeairs' interest as the whol^ 



^ tia ANNUltlES. 

2. Multiply this sum by one year's interest of the annuity^ i 
and the product vnVL be the whole interest due upon the an-> 
nuity. 

3. To this product add the product of the annyity and 
time, and the product will be the amount sought. 



number of years less one ; and gradually one less upon every 
succeeding year to the last but one ; upon which there is due 
only one year's interest, and none upon the last ; therefore in 
the whole there is due as many years' interest of the annuity, as 
the sum of the series 1, 3, 3, 4, Sec. to the number of years less 
one. Consequently one year's interest, multiplied by this sumi 
must be the whole interest due : to which, if all the annuities be 
added>the sum is plainly the amount. Q. £• D. 

Let r be the ratio, n the annuity, t the dme, and a the 
amount. 

Then let the following theorems give the soludons of all the 
different cases. 



t^n^-^tn 



III. ^_i_=«. IV. 2f +£ 



2 



2W"^^ryi 

In the last theorem d = , and in theorem first, if a 

vn 

sum cannot be found equal to the amount, the problem is im* 

possible in whole years. 

Note. Some writers look upon this method of finding the 
amount of an annuity as a species of Compound Interest ; the 
amiuity itself, they say, being properly the Simple Intereift, and 
'lie capital, whence it arises, the principal. 



NoT£. When the annuity is to be paid half-yearly or 
Quarterly ; then take, in the former case, \ the ratio, ^ the 
€innuity, and twice the number of years ; and in the latter 
case, ^ the ratio, ^ the annuity, and 4 times the dumber of 
years, and proceed as before* 



« 



EXAMPLES* 

I 

0l« What is the amount of an annuity of 50L for 7 yeslfH, 
Jlowing simple interest at 5 per cent. ? 

14.2+3+4+5+6=21=3X7 

21. 10s.=l year's interest of 5€|I« 
3 



7 10 * 
7 



52 10 
350 0=50L X 7 



402L 10s. = amount required. 

2. If a pension of 60(4. per annum be forboni 5 yeara, 
vrhat will it amount to, allowing 4 per cent* simple interest ? 

Ans. 324(d. 

3. What will an annuity df 250l. amount to in 7 years, to 
be paid by half yearly payments, at 6 per cent, per annimi, 

iiiii^ple interest i 

Ans. 2091L 58. 
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Tofiiid the piesent worth of an Annuity at Simple InteresU 

Find the present worth of each year by itself, discounting 
from the time it becomes due, and the sum of all these will 
be the present worth required. 



* The reason of this rule is manifest from the nature of dis- 
count} for all the annuities may be considered separately^ asjo 
many single and independent debts, due after 1} 3} 3, &c. years; 
so that the present worth of each being found, their sum must 
be the present worth of the whole. 

The estimation, however, of annuities at simple interest is 
highly unreasonable and absurd. One instance only will be suf- 
ficient to show the truth of this assertion. The price of an an- 
nuity of 501. to continue 40 years, discodnting at 5 per cent, will) 
by either of the rules, amount to a sum, of which one year's in- 
terest only exceeds the annuity. Would it not therefore be 
highly ridiculous to give, for an annuity to continue only 40 
years, a sum, which would yield a greater yearly interest for- 
ever. 

It is most equitable to allow compound interst. 

Let fi == present worth, and the other letters as before. 



Then< 



1 . I . 1 « i 

WXr , &C. to =sA. 

iXr ^ l+2r l+3r ' l+tr ^ 



1 I . I « 1 

/^-s-rr" + T-TTT + , c, » &C. to --; — ssasn. 

1+r l+2r l-f-3r \+tr 



The other two theorems for the Ume and rate cannot be giv- 
en in general terms. 
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EXAMPLES. 



1. What is the present worth of an annuity of lOOl. to 
continue 5 years, at 6 per cent» per annum, simple interest ? 



106 : ;00 
112 : KK) 
118 : 100 
124 : 100 
130 : 100 



100 : 94*3396 = present worth the first year. 
100 : 89*2857 = 2d year. 

100 : 84»7457' = 3d year. 

100 : 80*6451 = 4th year. 

100 : 76*9230 = 5th year. 



425.9391 = 4251. 18s. 9^d. = present 
worth of the annuity required. 

2. What is the present worth of an annuity or pension of 
5001. to continue 4 years, at 5 per.cent. per annum, sin(iple 
interest ? Ans. 1 782L 3s. 8|d. 

To find the Amount of an Annuity at Compound Interest. 

RULE.* 

Make 1 the first term of a geometrical progression, and 
the amount of ll. for 1 year, at* die given rate per cent, the 
ratio. 



* Demonstration. It is plain, that upon the first year's 
annuity, there may be due as many year's compound interest as 
the given number of years less one, and gradually one year's 
interest less upon every succeeding year to that preceding the 
last, which has but one year's interest,' and the last bears no in- 
terest. 

Let r therefore => rate, or amount of Ik for 1 year ; then 
the series of amounts of U. annuity, for several year's, from the 



i 
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S. Cany the series to as many terms as the numtxiaf 
years, and find its sunu 

3. Multiply the sum thus found by the g^ven annuity, and 
the product will be the amount sought* 



XXAMPLBS. • 

1. What is the amount of an annuity of 40L to continue 5 
years, allowing 5 per cent* compound interest ? 

first to. the last, is 1, r, r*, r^, &c. to r^l. And the sum of this 

according to the rule in Geometrical ProgresMon, will be 'TZT^ 

amount of 11. annuity for t years. And all annuities are propor-* 

^ — 1 r* 1 

Uonal to their amounts, therefore 1 : - : : » : i.x n « 

r — 1 r — 1 

amount of any ^yen annuity n. Q. £ . D. 

Let r = rate, or amount of 11. for one year, and the othas 
letters as t)efore, then-—- xn^a, and ^^^n. 

And from these equations all the cases relating to annuides^ 
or pennons in arrears, may be conveniently exhiluted in loga«^ 
rithmic terms, thus : 



L Log. n^Log. r^— 1 — ^Log. r — 1 ^sLog. a^ 



II. Log. ay-^JLog. r*m^\-\- Log. r^^lssLog. n 



III. ^- '^r^+n-Log . *_, jv r*-J^A. fL — I =^ 

2.Mr. r, n ^ n 



ANtroitnSSi iW 



\ » 






1+1*05+1 -Oal +1-05| +1-051 =: 5-52563125 
5-52563125 
40 



221-02525 

2cr 



0-505 
12 

6-06 Ans. 22iL 6(L 

S. If 50L yearly rent, 6r annuity, be forbom 7 years, whai 
win it amount t6, at 4 per cent, per annum, compound inter- 
est? Ans. 394L 18s« 3|d. 

» 

Torrid the present value of Annuities at Compound Interest* 

RULE,* 

1. Divide the annuity by the ratio, or the amount of ll, 
f6r dne ^ear, and the quotient will be the present worth of 
the first year's annuity. 

* The reas6n of this rule is evident from the nature of the 
question, amd what was said on the same subject in the purchas* 
ing of annuities at Simple Interest. 

Let ^ =^ present worth of the annuity, and the other letters as 

* r*— 1 
before, then as the amount « x^) and as the present worth 

or principal of this, according to the principles of Compound In- 
terest, is the amount divided by r ^ therefore 

rt—\ , rt+\r^ 

^^P+Tr:;7=^>^^^x;^i— ="';; 

And from these theorems all the cases, where the purchase 

28 



2. Divide the annuity by the squu^ of the ratio, and ike 
quotient will be the present worth of the annuity for theseo 
ond year. 



of annuities is concerned, may be exhibited in logarithmic tems) 
as follows^ 

I. Log. n+L^g, U "^Log.r — \=sLog.fi. 



IL Log.fi+Log, r — l-^mLog. 1 — ^ zssLog.n. 



^Log.r P^ P 

Let t c;Kpress the number of half years or quarters, n the half 
year's or quarter's payment) and r the sum of one pound and| 
or ^ year's interest, then all the preceding rules are applicable 
to half-yearly and quarterly payments, the same as to whole 
years. 

JTie amount qfan annuity may also be found for yean and fiarti 

of a year thus : 

t. Find the amount for the whole years as "before. 

3. Find the interest of that amount for the given parts of a 
year. 

3. Add this interest to the former amount, and it will gife 
the whole amount required. 

The firesent worth of an annuity for years and fiarts of a year 

may be found thus : 

1 . Find the present worth for the whole years as before. 

2. Find the present worth of this present worth, discounting 
for the given parts of a year, and it will be the whole present 
worth required. 



ANNUITIES. 3I».| 

J. Find, in like manner, the present worth of each year 1 
by itseir, and the sum of all these will be the value of ihean- 1 
nuity sought. 



1> What is the present worth of an annuity of 401. to ci 
tinue 5 years, discounting at 5 per cent, per annum, com- 
pound interest? 

[year, 
ratio = l'05)40'00000(38'O95= present worth for first J 
ratii-l '= l-1025)4t)-00000(36-i81= do. for 3d year. 

ratio|*=l-15r525)40-00000(34'55G= do. for 3d year, 

ratio] *=t -2 1 55O6)40-00O00(32'a99= do. for 4th year. ' 

ratiol* =1 -2752 1 il)4O-00OO0(3 1 -342= do. for 5th year. ' 



173-173 = 1731, 3s. ijd. = 
whole present worth of the annuity required. 

2. What is the present worth of an annuity of 211. 10a, 
9jd. to continue 7 years, 3,t 6 per cent, per annum, com- 
pound interest? Ans. I20l. 5s. 

3. What is 701. per annum, to continue 59 years, worth 
in present money, at the rate of 5 per cent, per annum l 

Ans. :321'30211. 

Tojinct the present worth of a Freehold Estate, or an Aiimn- 
ty to continue forever, at Compound Interest. 



As the rate per cent, is to lOOl. so is the yearly rent to 
the value required. 

* The reason of this rule is obvious ; for since a year's inter- 
est of the price) which is given for it, is the annuity) tliere can 
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EZAXPLES. 

1« An e8t9te brings in yearly 791. 46. what would it sell 
for, allowing the purchaser 44 p^r cent* compound interest 
fbr his moqey ? 

4*5 : 100 I - rg-2 : 

100 



4»5)79aO-0(ir«)L the answer. 
45 • 

342 
315 



270 
270 



• «MV 



neither more nor less be made of that price than of the annoityi 
whether it be employed at simple or compound interest. 

The same thing jt^j be shown thus : the present worth of aa 

aonuitT to continue forever is — +-v H — r H — t-> &c. ad h^td^ 

r r* r^ r* 

tuMy as has been shown before ; but the sum of this series, bf 
the rules of Geometrical Progression, is ; therefore r— 1 : 

1 : : « : -, which is the rule. 

r— 1 

The following theorems show all the varieties of this rule. 
I -=rA II. f^lx^an. III. ~+l=r, or-=r— 1. 

The price of a freehold estate, or an annuity to continue for- 
ever, at simple interest, woujd be expressed by ^7" — I" -, . « ' 

+—-—:—+ , &c. ad mfinitum : but the sum of this sc- 

^ l+3r ^ l+4r 

ries ia infinite, or greater than any assignable number, whkh 
•HJiirleallf shows the absurdity of u^g simple ifitereai in these 
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2. What IB the price of a perpetual aniiuity of 4(a. dis- 
pounting at 5 p^^r cent, compound interest I Ans. 8CX)U 

3. What is a freehold estate of 75l. a year worth, allow- 
ing, the buyer 6 per cent, compound interest for his money ? 

Aus. 125(Ap 

'J'ojind the present worth of an Annuiti/j or Freehold Estatej 
in Reversion^ at Compound Interest* 

RULE.* 

1. Find the present worth of the annuity, as if it we|re to 
be entered on immediately. 

2. Fii^d the present worth of the last present worth, dis- 
Qounting for the time between the purchase and commence- 
gniient of the annuity/, and it will be the answer required. 



BXAMPLKS. 



1. The reversion of a freehold estate of 791. 4s. per an- 
num to commence 7 years hence, is to be sold : what is it 
worth in ready money, allowing the purchaser 4^ per cent, 
for his money ? 



• 



This rule is sufficiently evident without a demonstration. 

Those) who wish to be acquainted with the manner of comr 
puting the values of annuities on lives, may consult the writing^s 
of Mr. Demoivrb, Mr. Simpson, and Dr. Prick, all of whpm 
)iaye handled this subject in a very skilful and masterly man- 
ner. 

Dr. Price's Treatise on Annuities and Revolutionary Pay- 
ments is an excellent performance) and will be found a very 
yaluable acquisition to thosei whose inclinations lead them to 
Utufiies of this nature. * 
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4-5 : 100 : : 79*2 : 

100 



4-5) r 920*0( 1 760 = present worth, if 
45 entered on im- 



342 
315 

270 
270 



mediately. 



and 1-0451 = 1-360862) 176O'O0O(1293-29r = 12931. Su 
ll^d* == present worth of 1760L for 7 years, or the wholo 
present worth required. 

2. Which is most advantageous, a term of 15 years in an 
estate of lOOl. per annum, or the reversion of such an estate 
forever, after the expiration of the said 15 years, computing 
at the rate of 5 per cent, per annum, compound interest ? 

Ans.- The first term of 15 years is better than the rever- 

• • • 

sion forever afterward, by 75l. 18s. 7jd. 

3. Suppose I would add 5 years to a running lease of 15 
years to come, the improved' rent being 186L 7s. 6d. per an- 
num ; what ought I to lay down for this favour, discount- 
ing at 4 per qtnU per annum, compound interest I 

Ans. 4601. 148. l|d» 
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POSITION, 

PoBiTioW 18 a method of performing such question^) as 
camiot be resolved by the common direct rules, and is of 
two kinds, catted single ^nd double* 

SINGLE POSITION, 

Single Position teaches to resolve those questions, whose 
results are proportional to their suppositions. 

RULE.* 

1. Take any number and perform the same operations 
with it, as are described to be performed in the question. 

2. Then say, as the result of the operation is to the posi- 
tion, so is the result in the question to the number required. 



* Such questions properly belong to this rulC) as require the 
multiplication or division of the number sought by any propos-' 
ed number ; or when it is to be increased or diminished by it- 
selfy or any parts of itself, a certain proposed number of dmes. 
For in this case the reason of the rule is obvious ; it being then 
evident, that the results Are proportional to the suppositions. 

nx I X t I na I a 

X a 

- : X : : - : a 
n n 

X _ix 



Thus <; 



— + — , &c. I X I I — + — , &c. : a, and so on. 
n m / n — m 



Note. 1 may be made a constant supposition in all ques^ 
ttons ; and in most cases it is better than any other number. 



td4 JINGLE POSITIQK. 

EXAMPLES. 

1. A's age is douUe that of B, acnd B's is triple that oi 
Cy and the spxa of all their ages is 140 : what is each per- 
son's age? 

Suppose A's age to be 60 
Then will B's = y -= 30 
AndCs=V= 10 

100 sum. 

Ai 100 : 60 : : 140 : -i^U^ = 84=Ars age". 

Cohsequently •/ = 42=B*s. 
And V = 14=C's. 

140 Pioof; 

2. :^ certain sum of money is to be divided between 4 
persons, in such a manner, that the first shall have ^ of it ; 
the second ^ ; the third | ; and the fourth the remainder, 
wlfich is 28L : what is the sum ? Ans« 112L 

3. A person, after spending ^ and ^ of his mcmey, had 
601. left : what had he at first ? Ans. 144l 

4. What number is that, which being increased by ^ !« 
and ^ of itself, the sum shall be 125 ? Ans% 60. 

5. A person bought a chaise, horse, and harness for 60L ; 
the horse 'came to twice the prioe of the harness, and the 
chaise to twice the price of the horse and harness : what did 

A Ans. 131. 6S' 8d* for the hoi^, 6L 13s* 4d. for the har- 

ness, and 401. for the chaise. 

6. A vessel has 3 cocks. A, B, and C ; A can fill it in 1 
hour, B in 2, and C in 3 : in vrhat time will they all fill it 
together ? Ans. ^y hour-- 




DOUBLE POSITION. 
DOUBLE POSITION, 

Double Poahion teaches to resolve questions t 
two suppositions of false numbers. 



1. Take any two convenient numbers, and proceed with 
each according to the conditions of the question. 

• The rule is founded on this supposition, that the first error 
is to the second, aathe difference between the true and first sup- 
posed number is to the difference between the true and second 
supposed number : when thai is not the case, the exact answer 
lo the question cannot be found hj: this rule. 

That the rule ia true, according to the auppowtion, may be 
thus demonstrated. 

Let A and B be any two numbers, produced from a and 4 by 
similar operations : it is required to find the number, from 
which A'is produced by a like operation. 

Put X EI number required, and let JV~.1'=r, and A^— fli=a. 

Tlienaccordingtn the anjjposition, on which the rule is found- 
ed) r : t : : x^^ : x — ^i, whence, by multiplying means and 
extremes, rx — rb=ax—~sa; and, by transposition, rj: — iX=rb 
'—aa; and, by division,^= = number sought. 

Again, if r and s be both negative, we shall have — r : — ^ 

! : x—a : x — fi, and»therefore — rx-{-r6= — tx+ea ; and rx— 
»x=^Tb — jo; whence jt!" , as before. 

In like manner, if r o; 
by working as before, which is the rule. 

NofE. It will be often advantageous to make 1 and the 

BUpposi lions. 
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2. Find how much the results are ^jj^erent from the result 
in the question. > 

Sm Multiply each of the errors by die contrary supposi- 
tion, and find the sum or difference of the produces. 

4. If the errors be alike^vdivlde the difference of the pro* 
ducts by the difference of the errors, and the quotient will 
be the answer. 

3m If the .errors be unlike, xlivide the sum .of the products 
by die SMffL of the e^ix^rs, and the quotient ijriU be the an- 

Note. The errors are s^d to be alike^ when they are 
both too great or both too little ; and unlike^ wheQ one isrtoo "^ * 
great and the other too little. 

EXAMPLBS;- ' ^ 

!• A lady boug^ tabby at 48. a 3^ard, and Persian at 2s. ' 
a yard ; the whole number of jrards ^e bought was 8, and -. 

the whole price 20s. : how many yards had she of each sort \ - 

» 

Suppose 4 yards of tabby, value 16s. -" \ 
Then she must have 4 yards of Persian, value 8 

Sum of their values 24 

So that the first error is -f 4 
Again, suppose she had 3 y^rds of tabby at 12s. 
Then she must have 5 yards of Persian at lO ' 

Sum of their values 22 

So that the second error is -f- 2 
Then 4—2=2= difference of the errors. 
Also 4x2=8= product of the first supposition and sec^ 
ondoTfor. 



■.■>. 
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;2= yards of tabby, "I .. 

yard, of Per. ia„, )"'=»"'"■ 



And 3x4=12= product of the second supposition by the I 
first error. 

And 12 — 8=+= their difference. 
Whence 4-r-a=2. 
And a — 2=6: 

2. Two persons, A. and B, have both the same income ; 
A saves ■} of his yearly ; but B, by spending 50l. per annum 
more than A, at the end of* years finds himself lOOl. in j 
debt : wliat is their income, and what do they spend per ad* J 

Ans. Their income is 125L per annum ; A spends lOCiU J 
and B 1501. per 

3. Two persons, A and B, lay out equal sums of money I 
in trade ; A gains 1261. and B loses 671. and A's money ii 
now double that of B : ivhat did each lay out ? Ans. 30(^ ] 

4. A laborer was hired for pW) days, on this condition, 
that he should receive 20d. for every day he wrought, and 
forfeit lOd. for every day he was idle ; now he received at 
last 21. Is. 8d. '. how man}' d;u3 did he work, and how ma- 
ny was he idle ? 

Ans. He wrought 20 days, and was idle 10; 

5. A gentleman has two horses of considerable value, and 
a saddle worth 50l. ; now, if the saddle be put on the back 
of tlie first horse, it will make his value double that of the 
second ; but if it be put on the back of the second, it will 
make his value triple that of the first : what is Uie vslue of 
each horse ? Ans. One 30L and the other 4CiL 

6. There is a fish, whose head is 9 inches long, and hia A 
tail is as long as his head and half as long as his body, and 1 
his body is as long as his tail and his head : what is the j 
whole length of the fish i Ans. 6 feet, j 



I 



238 PERBfUTATlON AND COMBINATION. 



PERMUTATION AND COMBINATION. 

The PcrmtOaiion qf^tumiities is the shf)iwiog how maay 
different ways die order or positioo of any given namber of 
diings aqr be changed* 

Tl&is is also called VartaHonj AlUmatimiy or Changai 
4Bd the only thing to be regarded . here is the order they 
stand in , for no two parcels are to have all their quantities 
vlaced in die same situatioo« 



The Cbmbinathn of9uantiHe9 is die showinir how (rften 
a less namber of things can be takeif out of a greater, sod 
combined togedier, withoat cooudering their places^ or die 
order they stand in. 



Tlus is sometimes cded Ekakm^ or Choke £ and here 
cvoy parod must be diflferent from all the rest, and no tvo 
are to have predsdy the same quantities, or things. 

The Comfanihrn of Quantities is the taking a^ven nma- 
her of quantities out of as many equal rows of difl&rrent qum- 
Uties, one out of each row, and combining diem together. 

Here no regard is had to thdr pbces ; and it differs froil 
combination Qnly,«5 that adnuts of but one row, or set of 
diings. 



dmUm a iiv n of the oeamefirm are those, in which d»ere b 
die same number of qmnmics, and the same i c p e tilj oas: 
dais, «fec, Moi^ Aig^ &C. are of die saBie fbna i but Mc^ 
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MIOBLEM 1. 

I 

To find the number of permutationsy #r changes^ that can &r. 
made of any given number of things^ all dijffircnufrofn 
i-ach other. 

Multiply all the terms of the natural series of numbers, 
from 1 up to the ^ven number, continually together, and 
the last product will be the answer require 

EXAMPLES. 

!• How many changes may be made with tbiise three let^ 
Ux^^cAcf. 

1 

2 Or lxSX3=:6 the answer. 

2 
3 



> ■ I. ■ m^mm^mmt i I H ^ 



* The Beason of the rule may be shown thus : any one things 
ft is capable only of one position, as a. 

Any two things, a and d, are only capable of two variatioDS ; 
9Ba6f6a$ whose number is expressed by 1x3. 

If there be 3 things, a, dy and Cj then any two of them, leav'^ 
ing out the third, will have 1x2 variations ; and consequently, 
When the third is taMn )n, thipre will be 1x2x3 variations. 

In the same manner, whenth^re are 4 things, every 3, leaving 
out the forth, will have 1x2X3 variations. Then, the fonrth 
being taken in, there wiU be 1 X3 x3 X4 variations. And so oq^ 
111 &r as you plefMe. 
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the changes. 
abc 
acb 

bac 
bca 
cab 
cba 

2. How many changes may be mng on 6 bells f 

Ans. 72a 

3. For how many days can 7 persons be placed in a dif- 
ferent position at dinner i Ans. 5040 days. 

4. How many changes may be rung on ISbells, and how 
long would they be in ringing, supposing 10 changes to be 
rung in 1 minute, and the year to consist of 365 days 5 houn 
and 49 minutes ? 

Ans. 479001600 changes, and 91y. 26d* 22h. 41nk 

5. How many changes may be made of the words in die 
following verse ? Tot tibi turU doteSy vtrgo^ quot sydera cetk* 

Ans. 4032a 

PROBLEM 2. 

Any number of different things being gtven^ to Jlnd htrw ma* 
ny changes can be made out ofthem^ by taking any gtQen 
number at a time* 

» RULE."* 

Take a series of numbers, beginning at the number of 
things giten, and decreasing by 1 till the number of terms 



t*«*B«MiM^MMi^aiiiMtan«iM**MM*i.ia 



* This rule, expresfted in terms, is as follows : ntxm-^t X 

pi^^xm — 3, Sec. to n terms; where m s number of thingi 
(lYeni and n as quantities to be taken at a time. 



V 



PEftHUTATION AND COMBINATION. 031 

equal to the number of things to be taken at a time, and 
"the product of all the terms will be the answer required. 



In order to demonstrate the rule, it will be neccissary to pre* 
mise the following 

LEMMA. 

The number of changes of m things^ taken n at a time^ is equal 
to m changes of ii»-^l things, taken n— I at a Ume. 



Dbmomstration* Let any 5 quantities, abcdcj be given. 

First, leave out the a, and let v « number of all the varia* 
tions of every two, dc, dd^ fcc. that can be taken out of the 4 re* 
maining quantities, bcde. 

Now let a be put in the first place of each of them, adc, abdj 
&c. and the number of changes will still remain the sfime ; that 
1%. V ss number of variatons of every S out of the 5) abcdCf wh^ 
m is first. 

In like manner, if ^, c, d^ f, be successively left out, the num- 
ber of variations of all the twos will also as v ; and by c, </, ^,bef- 
iog respecdvely put in the first place, to make 3 quantities out 
of 5, there will still be v variations as before. 

But these are all the variations, that can happen of 3 things 
out of 5, when a, by c, (/, f , are successively put first ; and ther%- 
fore the sum of all these is the sum of all the changes of 3 
things out of 5. 

But the sum of these is so many times v, as is the number of 
things ; that is, 5v, or mn, sa all the changes of three things out 
of 5. And the same way of reasoning may be applied to any 
numbers whatever. 

Demonstration of the Rule. Let any 7 ihin^Sy abcde/gy 
be given, and let 3 be the number of quantities to be taken. 

Then ma.7, and nssS. 
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!• How many changes may be made out of the 3 letta^ 
Sc^ by taking 2 at a time. 

3 

2 Or 3X2=6 the answer 

6 The changes. 

ab 
ha 
ac 
ca 

cb 

2. How many words can be made with 3 letters of the 
alphabet, it being admitted, that a number of consonants voxj 
make a word ? Ans. 5100W. 

PROBLEM 3. 

Any mtmber of things being givcn^ whereof there are several 
gtoen things of one sorty several of another ^ fc?c. to find 
how many changes can be made out of them. alL 



Now it b evident) that the number of changes, that can be 
made by taking 1 by 1 out of 5 things, will be 5, which let as v. 

TheUy by the lemma, when ins 6 and nssS, the numbered 
changes will a mvBsGxS ; which let s= na second time. 

Again by lemma, when mss7 and nas3, the number of chang* 



e8»mv«7x6X5; thatis,mvs:mxm — Ixm — ^3, condnoed to 
3, or n terms. And the same may be shown for any other num* 
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. Take the aeries 1, 3, 3, 4, &c. up to the number of ; 
.things given, and find the product of all the terms. 



' This I'ule is expressed ii 

ixaxax^xs, &c. to 



3 thus : 

— — ; where TA v3 number 

1X3X3, Sec. to /* X1X2X3, Stc. to?, &C. 

of things given, ^ =^nuiiiberof things of tlie first sort, ? = num- 
ber of things of the second sort, &c. 

The OEMOjJSTtATios may be shown aa follows. 
Any two quantities) a, 6, both different, admit of 3 changes ; 
but if the quantities be the same, or ab become aa, there will 



shut one alter 



1, which may be expressed by- 



1 X2 _ 

X2 ' 



Any three quantities, abc, all different from each other, afford 

variations ; but if the quantities he all alike, or abc become 

*aa, then the 6 variations will be reduced to 1, which may be 



/o of the quantities on- 

■, then thesixvamtions will be re- 
el aca, which may be expressed by 



1X3X3 
ly be alike, or adc becon 
duced to these 3, aac, o 
1X_3X_3_ 
1X2 "~ " 

Any four quantities, abed, all different from each other, will . 
sdmit of 34 variations j but if the quantities be the same, o 
mbcd become aaaa, the number of variations will be reduced to^ 

Again, if three of the quan- ^ 

tities only be the same, or abed become aaab, the number o 
nations will be reduced lo these 4, aaab, aaia, abaa, and 6aaa, 



=1. And thus it may be shown, that, _ 
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2. Take the series 1, 2, 3, 4, Sec. up to the number of giv- 
en thicgs of the first sort, and the series 1, 2, 3, 4, &(:• up 
to the number of given things of the second sort, &c 

0. Divide the product cf :iil the terms of the first series 
by the joint product of ail the terms of the remaining onesj 
and the quotient will be the answer required. 

EXAMPLES. 

1. How many variations may be made of the letters in the 
word Bacchanalia ? 

lX2(=numbt:r of rs)=: 2 
lX2x3x4(=number of as)=24 
lX2x3x4x5x6x7X8X9xlOxll(=number of letters in the 
WQrd)=39916800. 

2X24=48)39916800(831600 the answer. 
151 

re 

283 



2. How many diiFerent numbns can be made of the fol- 
lowing figures, 1220005555 ? Ans. 12600. 

3. What is the variet}' in the succession of the following 
musical notes, fa, fa, fa, sol, sol, la, mi, fa ? Ans. 3360. 

if two of the quandties be alike, or the 4 quantities be aabcy the 
number of variations will be reduced to 12, which may be ex- 

_, 1x2x3x4 ,^ 
pressed by = 12. 

And by reasoning in the same manner it will appear, that the 

number of changes, which can be made of the quantities, abbcccf 

. ^ ,. -^ ,. , , ,, 1X2X3X4X5X6 

is equal to 60, which may be expressed by .■ ac 

^ ^ ^ 1X2X1X2X3 

60 J and so of any other quantities whatever. 



■J 
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PROBLEM 4. 

To jind the changes of any given number of things, taken a' 
given number at a time; in lahich there are several given 1 
things of one sort, several of another, ^c. 



1. Find nil the different forms of combination of all the_ 
given things, taken as many at a. time as in the question. 

3. Find the number of chauges in any form, and multiply* j 
it by the number of combinations in that form. 

3. Do the same for every diatinct form ; and the sum of I 
all the products will give the whole number of changes re- 
quired. 

Note. To find the diff'ereiU forms of combination pro- j 
cied thut : 

1. Place the things so, tliat the greatest indices may be 1 
first, and the rest in order. 

2. Begin with die first letter, and join it to the secom 
third, fourth, &c. to the last. 

3. Tlien take the second letter, and join it to the thin; 
fourth, &c. to the last ; and so on through the Whole, alwaj| 
remembering to reject sucli combinations as have occurreij 
before ; and tliis will give the combinations of all the twcm J 

4. Join the first letter to every one of the twos following 
it ; and the second, third, Stc. as before ; and it will g^ve the 
combinations of all the threes. 



* "the reason of this rule is plain from what has been shoffi 
before, trad the nature of the problem. 



A 
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i. P roc e ed in the suae m a rari id g^cf dae c iiiVmilinni 
of au the foois. kc. ani voa vS at btsi ^ al i^ Btrad 
finis ofcTMiihiairion, and th^ mua^r m cadi fianzk 



1. H >v SLT^ chaa i gga- snr !ie aaacSe oiF cvcrr 4 Hfffirrn, 

dioL cac be ;jkk=ji od cf Ufe»e 6s. (Suudtn: ^ 



1st 2^}^*C 



Iti a^b» 



{ 



3d a*7»;-, 7"»ir: 



J3 = tile aomcer of ,:iiani}tis niqiiirs.ti. 
1» Huw aiiiay ^auiiirrjs :tv^ zxi nmiti of every d^ leoiirsoci 

ijfc Hjjw many iiifer^nc number* can Je nmife out dtl 



PERMUTATION AND COMBINATION. 33? , 

I-HOBLKM 5. 

To Jind the number of combinations of any given number ofX 
things, all different from one another, taken any givefi I 
number at a time. 

RULE.* 

I. Take the series 1, 2, 3, 4r, &c. up to_the number to be 
taken at a time, and find the prodnct of all the terms. 



• This rule, expressed algebraicaily, is — X— ~— X — - — X 
— --, Bcc. to n terms ; where m is the iiumbei- of given quan* 
titles, and n those to he taken at a time. 



F THB RtTLE. 1. Let llie number t 
things to be taken at a lime be 2, and the things to be combined] 

Now, when w, or the number o [ things to be combined, is on- i 
ly two, as a and 6, it is evident, that there can be only one com- 
bination, as ab ! but if m he increased by 1, or the letters to be 
combined he 3, as abc, then it is plain, that the number oF com- 
binations will be increased by 2, since with each of the former 
letters, a and b, the new letter c may be joined. It is evident 
therefore) that the whole number of combinations, in this c 
will be truly expressed by 1+2. 

Again, if 7n be increased by one letter more, or the whoHl 
Dumber of letters be four, as abed ; then it will appear, that tl 
whole number of combinations must be increased by 3, sincft^ 
with each of the preceding letters the new letter d may be c< 
bined. The combinations therefore, in this case, will be truly 
expressed by 1+2+3. 

^n the same manner it may be shown, that the whole number^ 
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ferced with 500 men more. On hearing, that they cannot 
be relieved till the end of 8 weeks, how many ounces a day 
must each man have, tb^t the provision ipay last that time i 

Ans. 6|oz« I 

I 

Id. Wh^ number is that, to which if I- of ^ be added| 
the sum wfSSht 1 i Ans. i^. 

14. A father dying left his son a fortune, ^ of which he 
tan through in 8 months ; ^ of the remainder lasted him 
twelve months longer ; after which he had only 41 CA. left 
What did his father bequeath him ? Ans. 9561. 13s. 4d. 

15. A guardian paid his ward 35001. for 25001. which he 
had in his hands 8 years. What rate of interest did he al- 
low him f Ans. 5 per cent. 

16. A person, being asked the hour of the day, said, the > 
time past noon is equal to ^ of the time till midnight. What i 
was the time ^ Ans. 20 min. past 5. ^ 

17. A person, looking on his watch, was asked, what was 
the time of the day ; he answered, 'it is between 4 and 5 ; 
but a more particular answer being required, he said,- that 
the hour and minute hands were then exactly together. 
What was the time i Alls. 21 j*j minutes past 4. 

18. With 12 gallons of Canary, at 6s. 4d. a gallon, I mix- 
ed 18 gallons of white wine, at 4s. lOd. a gal* and 12 gaOons 
of cider, at 3s. Id. a gal. At what rate must I sell a quart 
0f this composition, so as to de^r 10 per cent • 

A|i9. 16. S{4« 
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19. What length must be c 
to contain a stjuare foot, or a 
and 12 in breadth ? 



t oil a boarJ, s| inches broad, 

much as 12 inches in length 

Ans. 17tT >n> 



20. What difference is there between the interest of 3501. 
at 4 per cent, for 8 years, and the discount of the same sum 
At the same rate and for the same time ? Aus. 271. 3-^^ 

21. A father devised -j^ of his estate to one of his sons,^ 
and -^ of the residue to another, and the surplus to hla re- 
lict for life ; the children's legacies were found to be 2S7L 
3s. 4d. different. What money did he leave for the widow J j 

Ans. 6351. I0|^ 

22. What number is that, from which if you take ^ of ^, 
V, thtflSim 

Ans. lOj'jV,. 



\ 



23. A man dying left his wife in expectation, that a child 
would be afterward added to the surviving family ; and male- 
ing his will ordered, that, if the child were a son, | of hia 
estate should belong to him, and the remainder to his moth- 
er ; but if it were a daughter, he appointed the mother ^, 
and tlie child the remainder. But it happened, that the ad- 
dition was both a son and a daughter, by which the widow 
lost in equity 24O01. more than if there had been only a girl. 
What would have been her dowry, had ^ had only a son i 
Ans. SIOOI. , 

34. A young hare starts 40 yards before a grey-hound, 
and is not perceived by him till she has been up 40 seconds ;' 
she scuds away at the rate of ten miles an hour, and the dog, 
on view, makes after her at the rate of 18.\ How long will 
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36. In an orchard of fruit trees, ^ of .them bear apples, | 

* pears, } plumbs, and 50 of them cherries : how many trees 

are there in all ? ^ns. 600. 

^ /J 

y 37* A can do a piece of work alone in ten days, and B m 

/# -h^S ; if both be set about it together, in what time will it be 
Aiished i Ans. 5^ days. 

38* A, B, and C are to share lOOOQOL in the proportioii 
of •}, ^ and ^, respectively ; but C's part being lost by his 
death, it is required to divide the whole sum properly be- 
tween the other two. 

Ans. A's part is 57142^}}, and B's 4285rvVf 
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